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Abstract

The Cerro Grande fire caused major physical changes in watersheds crossing the Laboratory bound-
ary and resulted in large impacts on water chemistry. The area of greatest burn intensity was generally in
the Jemez Mountains, in watersheds upstream (west) of the Laboratory boundary. Burning of trees and
organic material on the forest floor removed material that previously absorbed rainfall, leading to
increased runoff and erosion. Metals (for example, aluminum, iron, barium, manganese, and calcium)
and fallout radionuclides (cesium-137; plutonium-239, -240; and strontium-90) previously bound to
forest materials were concentrated in resulting ash and readily moved by runoff. Summer runoff events
carried these fire-related constituents onto the Laboratory.

Strontium-90 data collected during 1999 were not used because of analytical laboratory method
problems. For 2000, strontium-90 data are in keeping with earlier data: the highest values were found in
known contaminated areas in Pueblo, Los Alamos, and Mortandad Canyons. Because of the mobilization
of ash, the Cerro Grande fire resulted in higher strontium-90 values in many runoff samples.

Surface water samples are collected where effluent discharges or natural runoff maintain stream flow
for several weeks or months during the year. For 2000 surface water samples, only one gross alpha
measurement exceeded the Department of Energy (DOE) public dose derived concentration guides
(DCG) value, at Mortandad at GS-1 below the Technical Area (TA) 50 Radioactive Liquid Waste Treat-
ment Facility (RLWTF) outfall. Radioactivity measurements that exceeded drinking water standards
occurred at locations with current or former radioactive liquid waste discharges: Acid/Pueblo Canyon,
DP/Los Alamos Canyon, and Mortandad Canyon. In 2000, for the first time in many years, americium-
241, plutonium-238, and plutonium-239, -240 in effluent from the TA-50 RLWTF outfall did not exceed
the DCGs. The average TA-50 RLWTF effluent nitrate and fluoride concentrations were below the New
Mexico groundwater standards. Aluminum, iron, and manganese concentrations in many surface water
samples collected after the Cerro Grande fire were much higher than in previous years.

Runoff in otherwise dry drainages results from snowmelt or summer thunderstorms. Levels of most
radionuclides and metals in 2000 runoff were higher than previously recorded in the Los Alamos area.

In 2000, 28 gross alpha measurements in water runoff samples exceeded by 5 to 10 times the DOE public
dose DCG at many locations upstream of and within the Laboratory boundary. One measurement slightly
exceeded the DCG for gross beta. We use DCGs to screen runoff samples for cases of larger contaminant
transport rather than to evaluate health risk. The DOE DCGs for public dose are determined assuming
that two liters per day of water are consumed each year. Most of the gross alpha and gross beta radiation
observed in these runoff samples can be attributed to high sediment loads after the fire and to naturally
occurring radioactive potassium, thorium, and uranium, along with their daughter products, carried in

that sediment. Of specific radionuclides measured, none occurred in runoff samples at levels above their
respective DCGs for public dose. Dissolved concentrations of radionuclides and metals in runoff were
below all Environmental Protection Agency (EPA) and DOE health-based drinking water standards,

except in two samples. Values greater than the EPA drinking water limit for strontium-90 were recorded

in lower Los Alamos Canyon at the new low-head weir and for antimony near the perimeter of Area G.

In 2000, because of the Cerro Grande fire, cesium-137 was found in many sediment samples at much
higher values than previously noted. The sediment sampling again shows that plutonium occurs above
fallout levels in Pueblo and Los Alamos Canyons and extends off-site from the Laboratory. Within
Mortandad Canyon, the greatest radionuclide levels in sediments are found between the point where the
TA-50 RLWTF effluent enters the drainage and the sediment traps, approximately a 3-km distance.
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Sediment samples below the TA-50 RLWTF outfall again showed cesium-137 concentrations that were
up to 4.4 times greater than the screening action level (SAL) value. Radionuclide levels near or slightly
exceeding background levels are found downstream of the sediment traps, extending to the Laboratory/
San lldefonso Pueblo boundary. A number of sediment samples near and downstream of the TA-54 Solid
Waste Operations at Area G contained plutonium-238 and plutonium-239, -240 above background. We
also found above-background levels of plutonium and americium in sediments downstream of Area AB,
TA-49.

Continued testing of water supply wells in 2000 showed that high-explosives constituents are not
present in Los Alamos County drinking water. Perchlorate (no drinking water standard) and tritium (at
1/500 of the drinking water standard) were discovered in water supply well O-1 in Pueblo Canyon
during 2000. Other groundwater samples from the regional aquifer were consistent with previous results.
Trace levels of tritium are present in the regional aquifer in a few areas where past liquid waste dis-
charges occurred, notably beneath Los Alamos, Pueblo, and Mortandad Canyons. The highest tritium
level found in a regional aquifer test well (near water supply well O-1) is about 1/50 of the drinking
water standard. Nitrate concentrations in a test well beneath Pueblo Canyon remain elevated, but in
2000, they were only about half the drinking water standard. Except for above-background tritium in
O-1, we detected no radionuclides other than naturally occurring uranium in Los Alamos County or San
Ildefonso Pueblo water supply wells.

Analytical results for perched alluvial and intermediate-depth groundwater are similar to those of
past years. Waters near former or present effluent discharge points show the effects of these discharges.
No samples exceeded DOE DCGs for public exposure. Radioactivity measurements in perched alluvial
groundwater that exceeded DOE DCGs for a DOE-operated drinking water system or EPA drinking
water standards occurred at locations with current or former radioactive liquid waste discharges: Acid/
Pueblo Canyon, DP and Los Alamos Canyon, and Mortandad Canyon (these waters are not used as
drinking water). The constituents exceeding drinking water DCGs or maximum contaminant levels
(MCLs) were tritium, gross beta, strontium-90, and americium-241. Monitoring of fluoride and nitrate in
Mortandad Canyon perched alluvial groundwater shows that these levels have dropped below NM
groundwater standards during 2000 as a result of their reduction in the TA-50 RLWTF effluent.

During 2000, the Water Quality and Hydrology Group completed a move to send the majority of our
environmental samples to external commercial laboratories for chemical analysis. These laboratories
participate in programs such as the DOE Quality Assessment Program, which grades them on analysis
of blind samples. One laboratory was consistently high in results for plutonium-238, plutonium-239,
-240, and americium-241. This finding indicates that numerous apparent detections of plutonium in
some groundwater samples are false positives resulting from a systematic analytical laboratory bias.
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A. Description of Monitoring Program The inventory of radioactivity remaining in the
Pueblo Canyon system is only approximately known.

lies b Los Al in 1945 under th Several studies (ESP 1981; Ferenbaugh et al., 1994)
supplies began at Los Alamos in under the have concluded that the plutonium in this canyon

direction of the US G§0I0g|cal Survey _(U,SGS)' In system does not present a health risk to the public.
about 1949.’ thg.Atomlc Energy Commission, .th.e Los Based on analysis of radiological sediment survey
Alla.mos SC'eT‘“‘"C .Laboratory,. and the US_GS jointly data, the estimated total plutonium inventory in Acid
initiated studies aimed specifically at environmental Canyon, Pueblo Canyon, and Lower Los Alamos
monitoring and protecting groundwater quality. These Canyon ranges from 246 mCi to 68300 mCi (ESP

initial efforts f.OCUSEd _on Pueb_lo and D.P/LOS Alamos 1981). The estimated plutonium releases were about

C_anyons, WhICh received radioactive industrial waste 177 mCi, in satisfactory agreement with the measured

discharges in the early days of the Labqratory. . inventory considering uncertainties in sampling and
The current network of annual sampling stations for release estimates. About two-thirds of this total is in

surfage water and sediment suryeillance includes a setthe Department of Energy (DOE)-owned portion of
of regional (or background) stations and a group of lower Pueblo Canyon

statt)|ons hear or W'thmhthe Lt?S Alamoz Nat:jonal h Pueblo Canyon currently receives treated sanitary
Laboratory (LANL or the Laboratory) boundary. The effluent from the Los Alamos County Bayo Sewage

regional stations establish the background quantities OfTreatment Plant in the middle reach of Pueblo

raFilonucIldes and radioactivity _denved from natural Canyon. Perched groundwater occurs seasonally in the
mmgrals and from fallout affecting northern New alluvium, depending on the volume of surface flow
Mexico and southem Colorado. from snowmelt, thunderstorm runoff, and sanitary

The Water Quality and Hydrology Group (ES_H—18) effluents. Tritium, nitrate, and chloride, apparently
ta_ke_s groun_dwater samples from wells and Springs  yeriveq from these industrial and municipal disposal
within or adjacent to the Laboratory and_ from t_he operations, have infiltrated to the intermediate perched
nearby San lldefonso Pueblo. The on-site stations, for groundwater (at depths of 37 to 58 m [120 to 190 ft])
the most part, focus on areas of present or former and to the regional aquifer (at a depth of 180 m [590

radioactive waste disposal operations, such as canyon§t]) beneath the lower reach of Pueblo Canyon. Except

(F|gqre _1'3' To provide a cgntext for d|sc933|on ,Of for occasional nitrate values, levels of these constitu-
monitoring results, the setting and operational history oEnts are a small fraction of the Environmental Protec-
currently monitored canyons that have received

radioactive or other liquid discharges are briefly
summarized below.

For a discussion of sampling procedures, analytical
procedures, data management, and quality assurance
seeSection Hbelow.

Studies related to development of groundwater

tion Agency (EPA) drinking water standards.

Starting in 1990, increased discharge of sanitary
effluent from the county treatment plant resulted in
nearly continual flow during most months except June

"and July in the lower reach of Pueblo Canyon and
across DOE land into the lower reach of Los Alamos
1. Acid Canyon, Pueblo Canyon, and Lower Los Canyon on San lldefonso Pueblo land. From mid-June
Alamos Canyon through early August, higher evapotranspiration and
) ) the diversion of sanitary effluent for golf course
Acid Canyon, a small tributary of Pueblo Canyon, irrigation eliminate flow from Pueblo Canyon into Los

was the original disposal site for liquid wastes gener- 5,255 Canyon. Hamilton Bend Spring, which in the
ated by research on nuclear materials for the World Wabast discharged from alluvium in the lower reach of

Il Manhattan Engineer District atomic bomb project. Pueblo Canyon, has been dry since 1990, probably
Acid Canyon received untreated radioactive industrial because there was no upstream discharge from the
effluent from 1943 to 1951. The Technical Area (TA) 450Ider, abandoned Los Alamos County Pueblo Sewage

treatment plant Wa_s completed in 1951, and from 1951 Treatment Plant. Farther east, the alluvium is continu-
to 1964 the plant discharged treated effluents that Con'ously saturated, mainly because of infiltration of

tained residual radionuclides into nearby Acid Canyon. o¢1ent from the Los Alamos County Bayo Sewage
Several decontamination projects have removed con- Treatment Plant. Effluent flow from Pueblo Canyon

tarr_ur_1at|on from the area, bu_t remaining r_e5|dual.rad|0- into Los Alamos Canyon generally extends to some-
activity from these releases is now associated with the where between the DOE/San lldefonso Pueblo

sediments in Pueblo Canyon (ESP 1981).
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boundary and the confluence of Guaje and Los
Alamos Canyons.

2. DP Canyon and Los Alamos Canyon

In the past, Los Alamos Canyon received treated
and untreated industrial effluents containing some

Facility are rerouted to Sandia Canyon. These efflu-
ents support a continuous flow in a short reach of the
upper part of the canyon. Only during summer
thundershowers does stream flow approach the
Laboratory boundary at SR 4, and only during periods
of heavy thunderstorms or snowmelt does surface

radionuclides. The upper reach of Los Alamos Canyon flow extend beyond the Laboratory boundary.
experienced releases of treated and untreated radioac-

tive effluents during the earliest Manhattan Project
operations at TA-1 (1942-1945) and some release of

4. Mortandad Canyon

Mortandad Canyon has a small drainage area that

water and radionuclides from the research reactors at heads at TA-3. Its drainage area receives inflow from

TA-2. An industrial liquid waste treatment plant that
served the old plutonium processing facility at TA-21
discharged effluent containing radionuclides into DP

natural precipitation and a number of NPDES outfalls,
including one from the Radioactive Liquid Waste
Treatment Facility (RLWTF) at TA-50. The TA-50

Canyon, a tributary to Los Alamos Canyon, from 1952 facility began operations in 1963. The effluents
to 1986. Los Alamos Canyon also received discharges infiltrate into the stream channel and maintain a

containing radionuclides from the sanitary sewage
lagoon system at the Los Alamos Neutron Science
Center (LANSCE) at TA-53. The low-level radioac-
tive waste stream was separated from the sanitary
system at TA-53 in 1989 and directed into a total
retention evaporation lagoon.

The reach of Los Alamos Canyon within the
Laboratory boundary presently carries flow from the
Los Alamos Reservoir (west of the Laboratory) as
well as National Pollutant Discharge Elimination
System (NPDES)-permitted effluents from TA-53 and
TA-21. Infiltration of effluents and natural runoff from
the stream channel maintain a shallow body of
perched groundwater in the alluvium of Los Alamos
Canyon within the Laboratory boundary west of State
Road (SR) 4. Groundwater levels are highest in late
spring from snowmelt runoff and in late summer from
thundershowers. Water levels decline during the
winter and early summer when runoff is at a mini-
mum. Perched groundwater also occurs within
alluvium in the lower portion of Los Alamos Canyon
on San lldefonso Pueblo lands. Intermediate-depth
perched groundwater occurs in the lower part of the
Bandelier tuff and the underlying Puye Formation and
Cerros del Rio basalt at depths of a few hundred feet
below the canyon bottom. This intermediate ground-
water also shows some evidence of contamination
from Laboratory sources.

3. Sandia Canyon

saturated zone in the alluvium extending about 3.5 km
(2.2 mi) downstream from the outfall. The eastern-
most extent of saturation remains on-site, ending
about 1.6 km (1 mi) west of the Laboratory boundary
with San lldefonso Pueblo. Over the period of
operation, the radionuclides in the RLWTF effluent
have often exceeded the DOE derived concentration
guides (DCGs) for public dose from drinking water
(although this water is not used as drinking water).
The effluent also contains nitrate that has caused
perched alluvial groundwater concentrations to exceed
the New Mexico groundwater standard of 10 mg/L
(nitrate as nitrogen). In April 1999, the new reverse
osmosis and ultrafiltration system at the RLWTF
began operation. This system removes additional
radionuclides and nitrate from the effluent, and
discharges from the plant now meet the DOE public
dose DCGs and the New Mexico groundwater
standard for nitrate. The RLWTF effluent has met
DOE DCGs continuously since December 10, 1999.

Perchlorate is a honradioactive chemical compound
containing a chlorine atom bound to four oxygen
atoms and is used in a variety of industrial processes.
At the Laboratory, perchlorate is a byproduct of the
perchloric acid used in nuclear chemistry research.
Perchlorate is on the EPA's contaminant candidate list,
which under the Safe Drinking Water Act requires
background investigations to determine a Maximum
Contaminant Level (MCL). Perchlorate is present in
the influent to the RLWTF at concentrations up to

Sandia Canyon has a small drainage area that headseveral thousand parts per billion (ppb). Perchlorate

at TA-3. The canyon receives water from the cooling
tower at the TA-3 power plant. Treated effluents from
the TA-46 Sanitary Wastewater Systems (SWS)

202

affects hormone production in the human thyroid and
is a suspected, but not proven, carcinogen. The
California Department of Health Services has issued a
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health advisory limit of 18 ppb for perchlorate in

drinking water. The Laboratory is conducting pilot

tests to remove perchlorate from the RLWTF effluent.
Continuous surface flow across the drainage has

the underlying weathered tuff ranges in thickness from
3.7 to 12 m. In 1992, saturation was found within only
a 0.8-km-long segment, and only two observation
wells have ever contained water (ESP 1994). Because

not reached the San Illdefonso Pueblo boundary since treated effluent from the Laboratory’s SWS Facility

observations began in the early 1960s (Stoker et al.,

may at some time be discharged into the Cafiada del

1991). Three sediment traps located about 3 km (2 mi) Buey drainage system, a network of five shallow

downstream from the effluent discharge in Mortandad
Canyon dissipate the energy of major thunderstorm
runoff events and settle out transported sediments.
From the sediment traps, it is approximately 2.3 km
(1.4 mi) downstream to the Laboratory boundary with
San lldefonso Pueblo.

The alluvium is less than 1.5 m thick in the upper
reach of Mortandad Canyon and thickens to about 23
m at the easternmost extent of saturation. The satu-
rated portion of the alluvium is perched on weathered
and unweathered tuff, generally with no more than 3
m of saturation. There is considerable seasonal
variation in saturated thickness, depending on the
amount of runoff experienced in any given year
(Stoker et al., 1991). Velocity of water movement in
the alluvium ranges from 18 m/day in the upper reach
to about 2 m/day in the lower reach of the canyon
(Purtymun 1974; Purtymun et al., 1983). The high
turnover rate for water in the alluvial groundwater
prevents accumulation of chemicals from the RLWTF
effluent (Purtymun et al., 1977). The top of the
regional aquifer is about 290 m below the alluvial
groundwater.

5. Pajarito Canyon

In Pajarito Canyon, water perched in the alluvium
is perched on the underlying tuff and is recharged
mainly through snowmelt and thunderstorm runoff.

groundwater monitoring wells and two moisture
monitoring holes was installed during the early
summer of 1992 within the upper and middle reaches
of the drainage (ESP 1994). Construction of the SWS
Facility was completed in late 1992.

B. Overview of the Cerro Grande Fire Impacts on
Los Alamos Watersheds

The Cerro Grande fire has had, and will continue to
have, significant impacts on the landscape around Los
Alamos. The impacts include physical, chemical, and
hydrologic changes in the major watersheds crossing
the Laboratory. These changes affect the monitoring
program and our ability to accurately interpret the
sampling results for all the media of surface water,
groundwater, and sediments. In this section, we
present some broad observations about what changes
have been observed after other fires across the world
and compare those with what changes we have
observed after the Cerro Grande fire.

1. General Impacts of Fire on Watersheds

The aftermath of the Cerro Grande fire will be
studied for years. Many of the fire impacts observed
to date also have been recorded in studies of fires
elsewhere, as well as locally with earlier crown fires
in the Los Alamos area.

Watersheds undergo significant responses to

Saturated alluvium does not extend beyond the facility wildfire in southwest ecosystems. The responses

boundary. Three shallow observation wells were

include changes in the runoff characteristics, sediment

constructed in 1985 as part of a compliance agreemeng,ield and water chemistry. The burning of the

with the State of New Mexico to determine whether
technical areas in the canyon or solid waste disposal
activities on the adjacent mesa were affecting the
quality of shallow groundwater. No effects were
observed; the alluvial groundwater is contained in the
canyon bottom and does not extend under the mesa
(Devaurs 1985).

6. Cafada del Buey

Cafada del Buey contains a shallow perched
alluvial groundwater system of limited extent. The
thickness of the alluvium ranges from 1.2 to 5 m, but

Environmental Surveillance at Los Alamos during 2000

understory and forest litter triggers many of these
changes. Under pre-fire conditions, the grasses and
brush within a forest canopy serve to slow and capture
precipitation, nutrients, and sediments. In the absence
of the vegetative cover, the runoff becomes flashier,
with sharper, higher magnitude flood peaks. For
example, after the 1977 La Mesa fire and the 1996
Dome fire in the Jemez Mountains, peak flows in
Frijoles and Capulin Canyons were estimated to be
164 and 123 times greater than the pre-burn peaks,
respectively (Veenhuis 2001). With less vegetative
uptake and retention, the total water yields from
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burned watersheds are higher. Once the runoff begins, the acreage was considered high severity blahblé

loose soils and ash are quickly removed from the

5-1). On LANL, most of the area burned was consid-

steeper slopes. Fire-associated debris can be suddenlyered low severity burn, but numerous small structures

delivered directly to streams in large quantities.
Wildfires can also interrupt uptake of anions and
cations by vegetation and speed mineral weathering.
The concentrations of inorganic ions subsequently
increase in streams after a fire (DeBano et al., 1979).
The sudden addition of substantial quantities of
chemically active carbon and minerals (like calcite) to
the watershed initiates geochemical and pH changes.
To understand the chemical water quality changes
noted in runoff water after the Cerro Grande fire,
Bitner et al. (2001) compiled a summary of the
reported effects of fire on runoff water chemistry and
soils. For general inorganic parameters, increases of

burned, and the cover vegetation at some inactive
waste sites was least partially burned.

The increases in runoff and sediment yields after
the fire were anticipated to be severe because the
burned terrain was so steep and the high severity of
the burn created water shedding hydrophobic soils
(BAER 2000). The Burned Area Emergency Rehabili-
tation Team (BAER) predicted peak flowgble 5-2
from the upper watersheds after the fire hundreds of
times larger than pre-fire conditions, even with
aggressive post-fire rehabilitation treatments.

The recorded hydrologic and water quality re-
sponses to the Cerro Grande fire largely mirror those

dissolved calcium, magnesium, nitrogen, phosphorous,described for fires elsewhere. Comparing post- and

and potassium and pH in runoff water have been
observed as a result of fire. Metals and radionuclides

pre-fire conditions showed significant changes in the
magnitude of flooding, sediment yield, and water

have been much less studied, but manganese, copper, quality. This discussion will highlight the flooding and
zinc, and cesium-137 have been observed to increase asdimentation changes during the summer runoff
a result of fire. Purtymun and Adams (1980) focused onseason of June through October 2000.

water quality perturbations after the La Mesa fire and
indicated a slight increase in calcium, bicarbonate,
chloride, fluoride, and total dissolved solids (TDS) in
the base flow of Frijoles Creek. Runoff samples

Precipitation in June from localized and brief
thunderstorms totaled 1.47 inches, slightly higher than
the normal of 1.36 inches. Precipitation in the months
of July, August, and September was significantly

showed elevated suspended sediment, barium, calciunhelow normal, with the usual summer monsoons

iron, bicarbonate, manganese, lead, phenol, and zinc
concentrations. Base-flow water quality returned to
normal three to five years after the fire.

largely absent. Only 50% of normal precipitation was
received in July and August, and only 16% of normal
precipitation was received in September. October was

Of note are studies that describe the concentration oa relatively wet month with a total precipitation of 4.1

fallout-associated radionuclides in ash and subse-
qguently in runoff at other locations where forest fires
have occurred (Amiro et al., 1996; Paliouris et al.,
1995). The studies conclude that fire caused the
mobilization of fallout radionuclides bound to the
forest canopy, or in the forest litter, and concentrated
them in the ashy layer of the burned surface soil
available for erosion.

inches, 310% of normal.

Runoff in June and July from areas burned by the
Cerro Grande fire was dramatic, although from
historically insignificant rainfall amounts. The most
destructive runoff event of the summer occurred on
June 28 when a short-duration (30-minute), relatively
high-intensity thunderstorm occurred over the flanks
of the Sierra de los Valles, just west of the Laboratory.

Studies indicate that these changes in chemistry andRainfall recorded at TA-16 was 0.43 in., and the Water
flow conditions are temporary, usually lasting less than and Pajarito Canyons Regional Automated Weather
five years, unless floods destroy the physical habitat of Stations (RAWS) stations received 0.79 and 0.69

the streambed and hillsides. Reestablishment of

vegetative ground cover appears to be a critical factor

controlling the recovery.

2. Erosion and Flooding following the Cerro
Grande Fire

The Cerro Grande fire burned major portions of
watersheds draining onto LANL from adjacent Santa
Fe National Forest lands, where from 20% to 90% of

204

inches, respectively.

The June 28 precipitation caused flooding in
canyons west of and across LANL. The ensuing
floodwaters destroyed stream gages in Pajarito, Cafion
de Valle, and Water Canyons. Record high discharges
were observed in Pajarito, Cafion de Valle, and Water
Canyons. The maximum estimated peak flow in
Pajarito Canyon upstream of SR 501 was 1020 cfs, an
all-time record for watersheds gaged by LANL on the
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Pajarito Plateau (previous maximum flow of 520 cfs
was from Ancho Canyon in 1993).

The maximum runoff yield before the fire from
Pajarito, Cafion de Valle, and Water Canyons west of
SR 501 was 1.263ts/m£. The discharge yield on
June 28 for these same locations ranged from 250 to
540 fB/s/m#, increasing more than 200 times from
pre-fire peaks. These increases are two to four times
greater than those estimated by Veenhuis (2001) for
Frijoles and Capulin Canyon®able 5-3ashows a
comparison of peak discharges before and after the
fire. Peak discharges of approximately 1000 cfs were
calculated for several runoff events for the ungaged
Rendija and Guaje Canyons to the north of LANL
(Table 5-3b.

Post-fire runoff from burned areas was more flashy,
more frequent, and with higher magnitude peaks than
the runoff from the lesser burned areas. Along the
downstream side of the Laboratory, the most pro-
nounced changes were seen in the flow regimes of
Pueblo and Water Canyorsidure 5-). Total runoff
volume for the 2000 summer runoff season in Water
Canyon increased two orders of magnitude from pre-
fire averages, based on data from Shaull et al. (2000).

A major impact of the Cerro Grande fire was

specific drainage. The largest downstream changes
occurred in Pueblo and Water Canyons, with TSS
concentrations increasing more than 100 times after
the fire. The hydrologic and sediment transport
regimes were not appreciably altered in the lesser-
burned canyons of Cafiada del Buey, Potrillo, and
Ancho.

The data suggest that sediment deposition occurred
between the upstream and downstream gages (Labora-
tory borders) in Los Alamos and Pajarito Canyons.
Deposition has occurred in Los Alamos Reservoir,
behind the Pajarito Retention Structure, and in the
lower-gradient reaches of the canyons above SR 4.

3. Cerro Grande Ash as a Source of Elevated
Radionuclides and Metals

The Cerro Grande fire left a large amount of
residual ash in burned areas. We sampled ash and
muck (post-fire sediments dominated by reworked
ash) in locations representative of background
conditions west (upstream) of the Laboratory. We also
collected samples in the Viveash fire area (near Pecos,
NM) for comparison. These data show that cesium-
137; plutonium-239, -240; and strontium-90 concen-
trations in both areas were higher than pre-fire

substantially increased transport of sediment onto and sediment and soils levels. An increase in the concen-
across the Laboratory. The initial runoff events of June trations of several naturally occurring metals (for

and July carried abundant ash and sediment on a
widespread basis, though fire impacts were seen
locally in samples collected in late October.

We estimated changes in total suspended solids

example, barium, manganese, and calcium) readily
taken up into plant tissue was also observed. Radionu-
clides and metals increased by up to an order of
magnitude in ash. This finding is consistent with the

(TSS) concentrations by using an averaging technique scientific literature showing that forest fires can

(flow weighting) designed to account for the variation
in sediment associated with a changing streamflow
regime (Belillas and Roda 1993; Brown and Krygier
1971). To calculate the mass of sediment (load)
carried in each runoff event, we multiplied the
appropriate TSS concentrations by the water volumes
entering or leaving the Laboratory during a specific

condense and mobilize natural and fallout radionu-
clides and metals.

Based on a limited data set, the Cerro Grande ash
appears to contain relatively higher plutonium-239,
-240 levels than does the ash from the Viveash fire
(Katzman et al., 2001a). We are attempting to deter-
mine whether past Laboratory air emissions are the

storm event. Then we estimated the average sediment source of the plutonium by looking at historical soil

load in runoff by dividing the total mass of sediment
by the total volume of water in all the sampled storm
events. This technique normalized the effect of
abnormal flow events after the fire, allowing for
comparison with pre-fire conditions.

At most of the upstream monitoring stations above

concentrations and other ash studies (see 6.A.2.g). Our
preliminary analyses support the possibility that the
elevated plutonium-239, -240 concentrations are
partly attributable to Laboratory emissions.

The average concentration of cesium-137 in ash
and muck is 4.4 pCi/g, about five times the upper limit

SR 501, the load of TSS per liter of water increased by of pre-fire background sediments and soils (Katzman

100 to 1000 timesHigure 5-3. At the downstream
stations, changes in TSS concentrations were highly
variable, apparently depending upon sediment
deposition patterns and the burn history for the

Environmental Surveillance at Los Alamos during 2000

et al., 2001b). Flood deposits sampled kilometers from
the mountain-front source of ash show persistent
elevated concentrations of the radionuclide and
inorganic constituents, including flood deposits in
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watersheds unaffected by Laboratory discharges
(Katzman et al., 2001b).

C. Surface Water Sampling

1. Introduction

The Laboratory monitors surface waters from
regional and Pajarito Plateau stations to evaluate the
environmental effects of its operations. No perennial
surface water flows extend completely across the
Laboratory in any canyon. Regional surface water
samples are collected from rivers or reservoirs. Within
and near the Laboratory, we collect surface water
samples where effluent discharges or natural runoff
maintain stream flow for several weeks or months
during the year. Periodic natural surface runoff occurs
in two modes: (1) spring snowmelt runoff that occurs
over days to weeks at a low discharge rate and
sediment load and (2) summer runoff from thunder-
storms that occurs over hours at a high discharge rate
and sediment load. This section discusses surface
water results; runoff results are discusseskiction
5.D. The surface water within the Laboratory is not a
source of municipal, industrial, or irrigation water,
though wildlife does use the waters. Activities of
radionuclides in surface water samples may be
compared with either the DOE DCGs or the New
Mexico Water Quality Control Commission
(NMWQCC 2000) stream standards, which in turn
reference the New Mexico Environment Department’s
(NMED’s) New Mexico Radiation Protection Regula-
tions (Part 4, Appendix A). However, New Mexico
radiation protection activity levels are in general two
orders of magnitude greater than the DOE DCGs for
public dose, so we will discuss only the DCGs here.

the Rio Grande, Rio Chama, and Jemez River. These
waters provide background data from areas beyond
the Laboratory boundary.

Figure 5-4shows surface water monitoring stations
located on the Pajarito Plateau. We use samples from
the stations to monitor water quality effects of
potential contaminant sources such as industrial
outfalls or soil contamination sites.

3. Radiochemical Analytical Results

Table 5-4lists the results of radiochemical analyses
for surface water samples for 2000. The table also lists
the total propagated one sigma analytical uncertainty
and the analysis-specific minimum detectable activity
where available. Uranium was analyzed by isotopic
methods rather than as total uranium for most samples
in 2000; total uranium was calculated from these
values using specific activities for each isotope.

To emphasize values that are detectidab)e 5-5
lists radionuclides detected in surface water samples.
Detections are defined as values exceeding both the
analytical method detection limit and three times the
individual one-standard-deviation measurement
uncertainty. Laboratory qualifier codes are shown
because some analytical results that meet the detection
criteria are not detections: in some cases, the analyte
was found in the blank or was below the method
detection limit, but the analytical result was reported
as the minimum detectable activity. Because uranium,
gross alpha, and gross beta are usually detected, we
indicate inTable 5-50nly occurrences of these
measurements above threshold values. The specific
levels are ug/L for uranium (and do not include
uranium isotopes on the list), 5 pCi/L for gross alpha,
and 20 pCi/L for gross beta and are lower than the

The concentrations of nonradioactive constituents may EPA MCLs or screening levels.

be compared with the NMWQCC General, Livestock
Watering, and Wildlife Habitat Standards. The
NMWQCC (NMWQCC 2000) groundwater standards
can also be applied in cases where groundwater
outflow may affect stream water quality. Appendix A
presents information on these standards.

2. Monitoring Network

We collect surface water samples from Pajarito

The right-hand columns @fable 5-5indicate
radiochemical detections that are greater than one-half
of the DOE DCGs for public dose for ingestion of
environmental water or the standards shown. Bear in
mind that surface waters on the Laboratory are not
used for drinking water.

In surface water samples, only one gross alpha
measurement exceeded the DOE public dose DCG
value in 2000, at Mortandad at GS-1 below the TA-50

Plateau stations near the Laboratory and from regional RLWTF outfall. Measurements that exceeded drinking
stations. We take surface water grab samples annually water standards occurred at locations with current or

from locations where effluent discharges or natural
runoff maintains stream flow. We collect regional
surface water sampleBiQure 5-3 from stations on
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former radioactive liquid waste discharges: Acid/
Pueblo, DP/Los Alamos, and Mortandad Canyons.
Most of the measurements at or above detection limits
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are also from these locations with previously known Stations SCS-1, SCS-2, and SCS-3 in Sandia
contamination. A few of the measurements at or above Canyon showed detections of plutonium-238 or
detection limits were from locations that do not plutonium-239, -240. No apparent source exists in
typically show detectable activity. Detections from Sandia Canyon for this radioactivity. Cafiada del Buey

locations outside the known contaminated areas in showed a detection of strontium-90, but it was not
Pueblo, DP/Los Alamos, and Mortandad Canyons are detected in a duplicate analysis of the sample.
discussed below.

Strontium-90 data collected during 1999 were not
used because of analytical laboratory method prob-
lems. Some of the 1999 data, if correct, would have
indicated unusually high levels of strontium-90 at
some stations. For 2000, independent commercial
laboratories performed the strontium-90 analyses.
Detection limits (where given) for strontium-90
analysis ranged from about 0.1 pCi/L to 0.5 pCi/L for
samples with smaller analytical results (detection
limits for larger results may be higher). The 2000
strontium-90 data are in keeping with earlier data in
that larger values are found in known contaminated
areas in Pueblo, Los Alamos, and Mortandad Can-
yons. The Cerro Grande fire mobilized fallout-derived
radionuclides such as cesium-137 and strontium-90
that had been associated with plant material. There-
fore, levels of these radionuclides in runoff reaching
the Laboratory’s western boundary from the burned
watersheds were higher after the fire than in previous
years (Johansen et al., 2001). Detectable strontium-90
was found in post-fire samples from Pueblo Canyon
surface water. The Pueblo Canyon watershed was
severely burned during the fire.

b. Technical Area 50 DischargesThe cumula-
tive discharge of radionuclides from the RLWTF into
Mortandad Canyon between 1963 and 1977 and
yearly discharge data for 1998 through 2000 appear in
Table 5-6 In addition to total annual activity released
for 1998 through 20005able 5-6also shows mean
annual activities in effluent for each radionuclide and
the ratio of this activity to the DOE DCG for public
dose. For the first time in many years, americium-241,
plutonium-238, and plutonium-239, -240 did not
exceed the DCG in 2000. As mentioned above, the
new reverse osmosis and ultrafiltration system began
operating at the RLWTF in 2000. This system is
designed to remove additional radionuclides from the
effluent and to ensure that the discharges meet the
DOE public dose DCGs.

In response to a letter of noncompliance from the
NMED, in March 2000 the RLWTF instituted a
program to restrict the discharge of nitrogenous
wastes into facility’s collection system. Therefore, the
nitrate (nitrate as nitrogen) concentration of all
effluent discharge from the RLWTF during 2000 was
less than 10 mg/L. The average 2000 effluent nitrate
concentration (value of 2.5 mg/L, nitrate as nitrogen)

a. Radiochemical Analytical Results for was below the New Mexico groundwater standard of
Surface Water. Several regional and perimeter 10 mg/L and was much lower than the values for the
stations had detections of radiochemical parameters. previous two years.

Because of the uncertainty inherent in sampling and The fluoride concentration in the discharge also

analysis procedures for radionuclides, it is important  has declined over the last few years. The 2000 effluent
to base a conclusion about their presence on the body fluoride concentration (average value of 0.28 mg/L)

of data from a station rather than on one detection. was below the New Mexico groundwater standard of
The regional station Rio Chama at Chamita showed a 1.6 mg/L.

detection of strontium-90. Rio Grande at Frijoles and _ ) )

Rio Grande at Cochiti had detections of plutonium- 4. Nonradiochemical Analytical Results

238 in samples taken after the Cerro Grande fire. a. Major Chemical Constituents.Table 5-7

Frijoles at Monument Headquarters showed detectable|jsts the results of analyses for major chemical

strontium-90 and americium-241 in post-fire samples. constituents in surface water samples for 2000. The
Neither of these radionuclides was detected in analysisresults are generally consistent with those observed in
of a field duplicate Sample. Perimeter stations Pajarito pre\/ious years, with some Variab”ity_ The measure-

at Rio Grande and Ancho at Rio Grande showed ments in waters from areas receiving effluents show
detections of plutonium-238 or plutonium-239, -240.  the effect of these effluents. None of the results was
Analysis of a field duplicate sample did not support  greater than one-half the standards with the following
the plutonium-238 detection for Ancho at Rio Grande; exceptions. The TDS values at Mortandad at GS-1 and
the field duplicate sample showed no plutonium-238. SCS-1, 2, and 3 were over half the New Mexico
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groundwater limit and exceeded the EPA secondary  which processes wastewater from analytical chemistry
drinking water standard. Several other TDS values (in facilities that perform actinide chemistry. Perchlorate
Mortandad and Pueblo Canyons) exceeded half the  was also found in surface water at Frijoles at Monu-
EPA secondary drinking water standard. Sulfate at ment Headquarters and Pajarito at Rio Grande, but the
SCS-2 exceeded half the EPA secondary drinking analytical laboratory J-flagged these results, meaning
water standard. The nitrate value for Mortandad at Rio that the quantities were estimated. Laboratory dupli-
Grande was about 60% of the NMWQCC groundwa- cates at both locations did not detect perchlorate.

ter standard. These stations are downstream from
sanitary sewage or industrial effluent discharges.

Fluoride values at Jemez River and Mortandad at
GS-1 were more than half the New Mexico groundwa-
ter limit but did not exceed the limit. The thermal
waters from the Valles Grande caldera area have been
shown to discharge through the Jemez River drainage
and wells and springs in the area have high boron,
arsenic, and fluoride levels (Goff et al., 1988). Boron,
arsenic, and fluoride are common constituents of
water in volcanic areas or in thermal springs (Hem
1989). Fluoride at Mortandad at GS-1 results from
effluent discharge from the RLWTF.

The laboratory pH in a sample from Water Canyon
at Beta was 1.7, outside the EPA secondary drinking
water range of 6.8-8.5. This result is likely a labora-
tory error and compares to a field measured pH of 7.9.

Perchlorate is a honradioactive chemical compound
containing a chlorine atom bound to four oxygen
atoms and is used in a variety of industrial processes.
At the Laboratory, perchlorate is a byproduct of the
perchloric acid used in nuclear chemistry research.
Industrial perchlorate uses also include solid fuels for
rockets, high explosives, and fireworks; air-bag
inflators; and electroplating, leather tanning, and
rubber manufacturing. The EPA has not established a
drinking water standard for perchlorate. Perchlorate is
on the EPA's contaminant candidate list, which under
the Safe Drinking Water Act requires background
investigations to determine an MCL. According to an
EPA fact sheet, present toxicology information
suggests a provisional cleanup level of 4-18 ppb. The
State of California, which has perchlorate contamina-
tion in drinking water supplies in some areas, has
established a perchlorate water-supply action level for
concentrations greater than 18 ppb. The State of New
Mexico has not established an action level or regula-
tory standards for perchlorate. In 2000, the Environ-
mental Surveillance Program collected surface water
and groundwater samples for perchlorate analysis.

Perchlorate was detected in surface water at
Mortandad at GS-1 at 39 ppb, or over twice the upper
limit of EPA's provisional cleanup level. The perchlor-
ate source is discharges from the TA-50 RLWTF,

b. Trace Metals.Table 5-8lists the results of
trace metal analyses on surface water samples for
2000. Samples collected for trace metal analysis were
filtered so that they could be compared with the
NMWQCC standards that apply to dissolved constitu-
ents. Samples collected for mercury and selenium
‘analysis were unfiltered, as the NMWQCC standards
for these analytes apply to total metal content. With
some exceptions, the levels of trace metals in samples
for 2000 are generally consistent with previous
observations.

As in 1998 and 1999, several surface water, runoff,
and groundwater samples showed detections of
selenium in 2000. Typically, selenium has not been
detected in surface water or groundwater on the
Pajarito Plateau. The analytical detection limit for
selenium in 2000 samples was 2.3 to| 838, below
the New Mexico Wildlife Habitat Standard ofug/L.

New Mexico raised this standard fronug/L to the
current value in February 2000. Selenium did not
exceed the standard in any surface water samples, but
it was present at above half the standard at several
stations in Pueblo, Sandia, Mortandad, and Water
Canyons, as well as in the Rio Grande at two stations
upstream from the Laboratory.

New Mexico raised the New Mexico Wildlife
Habitat stream standard for mercury to QUg7L in
February 2000 from 0.042y/L. The analytical
detection limits in surface water in 2000 ranged from
0.03 to 0.1ug/L. In 2000, no surface water samples
had mercury exceeding half the standard.

Stations Jemez River, Pueblo 3, Pueblo at SR 502,
and Mortandad at Rio Grande had boron exceeding
half the New Mexico groundwater limit. Except for the
Jemez River, these stations are all downstream from
sanitary sewage discharges. The thermal waters from
the Valles Grande caldera area have been shown to
discharge through the Jemez River drainage, and wells
and springs in the area have high boron levels (Goff et
al., 1988). Boron is a common constituent of water in
volcanic areas or in thermal springs (Hem 1989).

Aluminum, iron, and manganese concentrations
exceed EPA secondary drinking water standards in
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surface water and runoff samples at many locations.
Several studies (summarized in Bitner et al., 2001)

have found that forest fires increase the concentrations

of water-soluble manganese in soils. Manganese
concentrations in many surface water samples
collected after the Cerro Grande fire were much
higher than previous values, particularly in Pueblo
Canyon during July and August. A few of these
manganese concentrations exceeded the New Mexico
groundwater limit. Aluminum and iron also increased
as a result of the Cerro Grande fire. These results
reflect the presence of suspended solids or colloids in
the water samples. Some of these cases occur with
filtered samples. The results are due to naturally
occurring constituents (that is, aluminum, iron, and
manganese) of minerals in the suspended solids.

Mortandad at GS-1 had aluminum values that were
about 20% of the New Mexico limits for use as
irrigation water. Iron levels in SCS-2, Mortandad at
GS-1, Canada del Buey, and Frijoles at Monument
Headquarters were about half the New Mexico
groundwater limit. Iron values at Pajarito Canyon,
Pueblo 3, and Pueblo at SR 502 were below half the
New Mexico groundwater limit. Pajarito Canyon,

D. Runoff Sampling

1. Introduction

The Laboratory monitors runoff (storm water) from
Pajarito Plateau stations to evaluate the environmental
effects of its operations and to demonstrate compli-
ance with permit requirementShapter 2of this
report contains a separate discussion of the
Laboratory’s compliance status. Periodic natural
surface runoff occurs in two modes: (1) spring
snowmelt runoff that occurs over days to weeks at a
low discharge rate and sediment load and (2) summer
runoff from thunderstorms that occurs over hours at a
high discharge rate and sediment load. With drought
conditions in early 2000, spring snowmelt runoff was
essentially nonexistent. This section discusses the
impacts of the summer runoff. Because of its short-
lived nature, summer runoff is not a source of munici-
pal, industrial, or irrigation water, though wildlife and
livestock may use the waters. Runoff is important to
monitor, however, as it is one of the principal agents
for moving Laboratory-derived constituents off-site
and possibly into the Rio Grande.

Activities of radionuclides in runoff samples may

Pueblo 1R, Pueblo 3, and Pueblo at SR 502 had highebe compared with either the DOE DCGs or the

than usual manganese concentrations. These concen-

trations exceeded the New Mexico groundwater limit
by factors up to 12. Similar concentrations were found
in nearby shallow alluvial groundwater samples in
many cases.

c. Organic Constituents in Surface Water.
Table 5-9summarizes the locations where we col-
lected organic samples in 2000. (S&etion 5.H.2.¢c
for analytical methods and analytes.) We analyzed
samples for volatile organic compounds (VOCSs),
semivolatile organic compounds (SVOCs), and
polychlorinated biphenyls (PCBs). Some samples
were also analyzed for high-explosive (HE) constitu-
ents.Table 5-10shows organic compounds detected
above the analytical laboratory’s reporting level in
2000, as well as results from blanks. Most of the

compounds detected were also found in accompanying

blanks. The exception is the finding of acetone at
Pueblo 3 on July 25. Acetone is, however, a common
analytical contaminant found in samples during
laboratory analysis for organic compounds.

5. Long-Term Trends

Long-term trends for surface water are discussed in
Section 5.Rwith groundwater trends.

Environmental Surveillance at Los Alamos during 2000

NMWQCC stream standards, which in turn reference
the New Mexico Environmental Improvement Board’s
New Mexico Radiation Protection Regulations (Part 4,
Appendix A). However, New Mexico radiation
protection activity levels are in general two orders of
magnitude greater than the DOE DCGs for public
dose, so we will discuss only the DCGs here.

The concentrations of nonradioactive constituents
may be compared with the NMWQCC General,
Livestock Watering, and Wildlife Habitat standards.
The runoff quality can also be compared against the
NMWQCC groundwater standards because of the
possibility of seepage of dissolved constituents from
the streambed into underlying shallow groundwater.

2. Monitoring Network

Runoff samples have historically been collected as
grab samples from usually dry portions of drainages
during or shortly after runoff events. As of 1996, we
collect runoff samples using stream gaging stations,
most with automated samplers (Shaull et al., 2000).
Samples are collected when a significant rainfall event
causes flow in a monitored portion of a drainage.
Many runoff stations are located where drainages
cross the Laboratory’s boundaries. For the larger
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drainages, we sample runoff flows where they exit the
Laboratory and at upstream locations. In contrast,
runoff at several mesa top sites (for example, Material
Disposal Area [MDA] G Figure 5-3, MDA L, TA-

55) is sampled at locations that target specific
industrial activities, with negligible run-on from other
sources. We sampled some events manually (grab
samples) to supplement the automated samplers.
Figures 5-6and5-7 show runoff monitoring stations

on the Pajarito Plateau. We use samples from the
stations to monitor water quality effects of potential
contaminants sources such as industrial outfalls or soil
contamination sites.

To document impacts of the Cerro Grande fire, we
attempted to sample every runoff event during the
runoff season. Unfortunately, the June 28 runoff event
destroyed most samplers located along the
Laboratory’s western boundary (background stations).
Between the automated samplers and additional
manual grab samples collected after the stations were
destroyed, however, a large range in both flow and
water quality conditions was sampled along the west-
ern boundary. Based on precipitation records, we
estimate that four probable light-to-moderate runoff
events along the western boundary were not sampled
after the destruction of stations in Pajarito, Cafion del
Valle, and Water Canyons. We collected over 100
runoff samples from June through October, the major-
ity from on-site locations.

3. Radiochemical Analytical Results for Runoff

Table 5-1 presents radiochemical analytical
results for year runoff in 2000. The concentrations of
radionuclides we measured in our samples are quite
variable by location and through time, principally
depending on whether ash from the Cerro Grande fire
was present in the drainage at the time of sampling.

Comparison to Historical Levels

We evaluate the data by comparing it with histori-
cal levels and relevant standards and by looking for
spatial and temporal trends. The benchmarks for
comparing with historical levels are the pre-fire,
1995-1999, concentrations from runoff samples
collected across the Laboratory. We use the 1995—
1999 data set for comparison because, although runoff
data were collected before 1995, the post-1995 data
sampling methods were similar to those used for the
current data. The pre-fire data set mainly includes
results from Los Alamos Canyon and Cafiada del
Buey. For other drainages, pre-fire runoff was limited.
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The year 2000 runoff concentrations of many
radionuclides were greater than the Laboratory-wide
pre-fire levels. Maximum pre-fire radionuclide
concentrations in unfiltered runoff were exceeded for
americium-241, cesium-137, plutonium-238, pluto-
nium-239, -240, strontium-90, tritium, and uranium.
The americium-241 and tritium maximums were seen
at locations not impacted by the fire (DP Canyon at
Mouth and Area G-6, respectively). In contrast, the
high concentrations of cesium-137, plutonium-239,
-240, strontium-90, and uranium were widespread and
primarily related to the Cerro Grande fire. The most
pronounced differences were for cesium-137 and
uranium, with many samples exceeding the Labora-
tory-wide historical maximums by as much as 10
times. The increases in most of the radionuclide
concentrations are attributable to two main factors:
increased ash and sediment load in runoff and the
enhanced constituent concentrations in the ash (see
B.3.).

Radionuclide concentrations were significantly
lower in filtered samples than in unfiltered samples.
About 75% to 95% of the radioactivity in a runoff
sample was typically associated with the sediments
(ash, clay, silt, etc.) carried by the runoff rather than
dissolved in the water.

Sources of Uranium in Runoff

Comprehensive analyses of the runoff samples for
uranium isotopes were performed in year 2000.
Naturally occurring uranium was present in the
majority of the runoff samples, and Laboratory-
derived uranium was generally not identifiable. This
conclusion is supported by the following observations:

Concentrations of uranium in unfiltered runoff
leaving the Laboratory are similar to those
measured in runoff entering the Laboratory in
2000 on days we were able to collect samples
from both upstream and downstream locations.

Median concentrations of uranium we calculated
for the suspended sediment carried by the runoff
leaving the Laboratory are similar to those
measured in runoff entering the Laboratory
(Figure 5-8, indicating that Laboratory sources
made no distinctive addition as the runoff
traversed LANL.

Historically, LANL-derived uranium composed a
small fraction of the total uranium found in
Pajarito Plateau stream sediments and was not
discernible in Rio Grande stream sediments

Environmental Surveillance at Los Alamos during 2000
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(Gallaher et al., 1997, 1999, in preparation). This
statement is based on mass spectrometry
analyses of stream sediments and of Cochiti
Reservoir bottom sediments collected before the
fire.

* Runoff samples collected along the Laboratory’s
downstream boundary were predominantly of a
natural uranium isotopic composition. All but
two of 18 samples contained uranium of natural
composition (within & uncertainty of natural).
Enriched uranium was detected in two runoff
samples collected in Los Alamos Canyon during
the relatively small magnitude runoff events of
June 2 and 3.

Fire Impacts on Runoff Quality
Evidence for substantial fire impacts on runoff
includes the following:

» Many of the highest radionuclide concentrations
were recorded at sample locations located
upstream of LANL, above SR 501, and in
samples taken from Rendija and Guaje Canyons
north of the Laboratory. For example, in Guaje

Alamos Canyon. The levels of americium-241 and
strontium-90 at DP Canyon at Mouth and the tritium
in two samples from G-6 have not been recorded
before and indicate LANL impacts. Laboratory
impacts are also identifiable in the first runoff events
of the season in Los Alamos Canyon, June 2 and 3
(Johansen et al., 2001).

To gain a Laboratory-wide picture of how transport
of radionuclides along the Laboratory’s downstream
boundary trended through the runoff season, we
aggregated runoff volume and quality data for the
individual drainages. On a monthly basis, we com-
piled average loads of radionuclides (suspended and
dissolved) carried in a given volume of runoff. We
used an averaging technique (flow weighting) de-
signed to account for the wide variation in stream flow
before and after the fire. For each summer runoff
month of 2000, we calculated average radionuclide
loads by dividing the total quantity (load) of each
radionuclide by the total runoff volume recorded for
the month. In the end, an average (flow-weighted)
concentration (activity per liter of water) for each
radionuclide is calculated. This technique normalized

Canyon, calculated concentrations of cesium-137 the effect of abnormal flow events after the fire,

in the suspended sediment of a July 9 runoff
sample were approximately 10 times larger than
pre-fire background levels (9.7 vs 1 pCi/g). The
largest suspended sediment concentration
(76,000 mg/L) measured on the Pajarito Plateau
during 2000 was recorded for a sample collected
in Guaje Canyon on August 8 and reflected
natural sources:igure 5-9shows that the runoff
flowing onto the Laboratory after the fire
contained about 2 orders of magnitude higher
levels gross alpha and gross beta activities than
before the fire.

» Cesium-137 concentrations generally show a
decline through the runoff season, as ash is
flushed downstream.

The introduction of fire-derived radionuclides into
most of the LANL watercourses masks the
Laboratory’s contribution of these radionuclides. The
levels of many radionuclides changed as a result of
ash in the runoff. For most of the canyon runoff
samples collected in 2000, LANL impacts are not
discernible because of the higher radionuclide
concentrations in the ash.

Consistent with pre-fire conditions, Laboratory
impacts are indicated in DP Canyon, around MDA G,
and in early (June 2 and 3) runoff events in Los

Environmental Surveillance at Los Alamos during 2000

allowing for comparison through the runoff season
and with pre-fire levels.

Figure 5-10shows that peak concentrations
occurred in June and July, with 5- to 20-fold increases
above pre-fire averages during these months for
cesium-137, strontium-90, and uranium. Concentra-
tions of these same analytes dropped considerably
during August, September, and October. The decline
in runoff concentrations is partly due to flushing of
ash from the LANL drainages during June and July
and the occurrence of less-intense, late season rainfall
events in August, September, and October that largely
missed the mountains west of the Laboratory. Evi-
dence for some flushing of ash from the drainages is
presented ifrigure 5-1, which indicates a general
decline in calculated cesium-137 activities in the
suspended sediment, particularly in Water Canyon.

Comparison of Radioactivity in Runoff with

Standards

Water quality standards have not been established
specific to most radionuclides in runoff. We compare
the results for unfiltered water samples with DOE
DCGs for public exposure and NMWQCC General,
Livestock Watering, and Wildlife Habitat standards
(Table 5-12. We further compare the results for
filtered waters with appropriate EPA drinking water
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standards or DOE DCGs for drinking water systems
(Table 5-13. Lastly, we screen for significant concen-

attributed to high sediment loads (caused by erosion)
and the naturally occurring levels of potassium,

trations in the suspended sediment by comparing themthorium, and uranium, along with their daughter

with Screening Action Levels (SALSs) for sediments.

Gross Alpha and Gross Beta Activity
In unfiltered samples, gross alpha concentrations
were greater than public dose DCG levels (30 pCi/L)
and State of New Mexico Livestock Watering Stan-

products, carried in that sediment.

Comparison of Specific Radionuclides with
Standards
Of the specific alpha and beta emitters measured,
none occurred in runoff samples at levels above their

dards (15 pCi/L) at many locations upstream of and on respective DCGs for public exposure. Total concentra-

the Laboratory. The gross alpha DCG is based on the
most restrictive anthropogenic alpha emitters (pluto-
nium-239, -240 and americium-241) and is commonly
exceeded by runoff laden with naturally derived alpha
emitters (such as from the uranium decay series). The
New Mexico Livestock Standard excludes radon and
uranium from the alpha limit. The gross beta activity
DCG for public dose was slightly exceeded in a
sample from Rendija Canyon, north of Laboratory
operations.

Figure 5-12shows that levels of gross alpha and
beta radioactivity in unfiltered runoff samples were
related to the concentrations of TSS in the water. That
is, the most sediment-laden samples contained the
highest total radioactivity. This relationship holds for

tions of anthropogenic radionuclides greater than 15
pCi/L were seen for plutonium-239, -240 (lower
reaches of Guaje, Rendija, Pueblo, and Los Alamos
Canyons) and for americium-241 (DP Canyon

Mouth). The levels of these individual isotopes exceed
the New Mexico Livestock Watering standard for
gross alpha activity.

All filtered samples met EPA and DOE drinking
water standards, except one. The strontium-90
standard was exceeded in a single sample from the
Los Alamos Weir, a structure installed after the fire in
lower Los Alamos Canyon as a sediment catchment.
The source of the strontium-90 in that sample could be
either fire-related or derived from Laboratory opera-
tions. Dissolved strontium-90 levels generally were

samples collected above (upstream), on-site, and alonghe highest of the individual isotopes, relative to the
the downstream side of the Laboratory. A sample of an standards. More than 10 samples contained dissolved

intense, short-lived runoff event will generally contain
higher total alpha and beta radioactivity levels than a
sample taken from the same location under slower
flows with less sediment carrying power. While some
of the gross alpha and gross beta activity in 2000 was
associated with ash, the relationship with TSS also
was seen in pre-fire samples. The higher waterborne
gross alpha and gross beta levels do not indicate that
some new contaminant source has contributed to
increased levels, but that more sediment is being
transported in these events.

In 1999, we were unable to account for gross alpha
and beta activities in the runoff samples using the

nuclides we measured. For the year 2000 samples, we

also analyzed the uranium and thorium isotopes. Our

analyses indicate that naturally occurring potassium as

well as uranium and thorium isotopes and their

strontium-90 levels that were greater than one-half the
EPA drinking water standard. We detected dissolved
cesium-137 and americium-241 at levels more than
half the DOE drinking water DCG in Area G runoff
samplers G-2 and G-4, respectively.

Concentrations of Radionuclides in Suspended

Sediment
Because the suspended solids make up such a large

portion of the total radionuclide load in the runoff
samples, we examined the suspended sediment for
significant levels of the individual radionuclides. This
analysis identified cesium-137 as the radionuclide
likely to be of most concern from a public exposure
perspective. In approximately 13 runoff samples, the
concentrations of cesium-137 in the suspended sedi-
ment fraction of the runoff were calculated to be
greater than Laboratory soil screening action levels

daughter decay products accounted for most alpha and(ER 2000). These measurements commonly occurred

beta activity. These daughter products are not ob-
served in our analyses (and often are short-lived) but
can be evaluated from the measured uranium and
thorium concentrations. Within the accuracy of the

analytical methods, the levels of gross alpha and gross

in samples taken at the upstream boundary of LANL,
where the radionuclides should be primarily derived
from worldwide fallout carried by ash. The largest
cesium-137 concentration in suspended sediment was
seen in a sample from Two Mile Canyon above SR

beta radiation observed in these runoff samples can beggq 4t jevels approximately 12 times above the SAL
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(Table 5-14. In the majority of the cases, the concen-

values in most of the major drainages were over half

trations of cesium-137 exceeded the SAL by less than the EPA drinking water standard and exceeded the
a factor of 2. We assume that because of further down-standard in a single sample of runoff at Guaje Canyon

stream mixing, the concentrations in sediment found
in deposits after the runoff events will likely be sub-
stantially lower than those found in the runoff
samples.

Long-Term Trends
We have monitored summer runoff quality with the
automated samplers for only a few years. The moni-

toring has not been conducted long enough to evaluate

long-term trends quantitatively. We performed an
initial broad comparison of how the quality of
Laboratory runoff has varied over recent years. First,
we combined available flow and analytical measure-
ments since 1997 and calculated the annual average
(flow-weighted) concentrations of radionuclides

measured in summer runoff events at the downstream

LANL stations. We excluded the strontium-90 results
for 1999 from this data set because of quality assur-

ance concerns. The flow-weighted average gauges the
average load of radioactive material carried in a given

volume of runoff. The yearly averages indicate
whether off-site transport has changed at the
Laboratory’s downstream boundary.

Figure 5-13shows the results of this initial analy-
sis. We saw no discernible trends in the data, except

for the obvious increases in cesium-137, strontium-90,
and uranium transport during year 2000. For the other
isotopes, average concentrations appear to vary within

at SR 502.

The values for cyanide in its free (amenable),
unbound form were greater than the NMWQCC
General, Livestock Watering, and Wildlife Habitat
Standards in three samples from Water Canyon and
possibly in several other samples where the analytical
detection limits were greater than the standard.
Cyanide (amenable) is toxic to aquatic biota and
wildlife. However, most of the cyanide appears to be
in a far less toxic form bound with other elements.
There is no surface water standard for total cyanide,
and all values are below the NMQCC groundwater
standard of 20Qg/L.

One possible source of the cyanide may have been
fire retardant used in the Cerro Grande fire that
contained a sodium hexaferrocyanide compound
added as an anticaking additive and as a corrosion
inhibitor. Another possibility is that some cyanide may
have been naturally created through slow burning or
smoldering of biomass (Yokelson et al., 1997) and
then transported in the runoff along with the ash.

Figure 5-14shows that cyanide levels in runoff
declined progressively through the runoff season.
Additional monitoring during the 2001 runoff season
will determine if a cyanide source(s) remains in the
burned area.

b. Trace Metals. Table 5-16presents trace

the same order of magnitude over the period of record. metals analytical results for year 2000 runoff. Analy-

4. Nonradiochemical Analytical Results

a. Major Chemical Constituents. Table 5-15
lists the results of analyses for major chemical
constituents in runoff samples for 2000. The concen-
trations of many constituents were elevated above

sis of runoff waters typically was performed for 23
metals. Both filtered and unfiltered samples were
analyzed. Samples were filtered so that they could be
compared with the NMWQCC standards that apply to
dissolved constituents. Samples collected for mercury
and selenium were unfiltered, as the NMWQCC

levels observed in previous years. We noted increases standards for these analytes apply to total metal

for total alkalinity, calcium, magnesium, potassium,
total phosphorous, and cyanide concentrations.
Studies at other off-site locations show increases in
many minerals and nutrients following fire (DeBano
et al., 1979; Helvey et al., 1985; Tiedemann et al.,

content. In general, metals concentrations in filtered
samples were lower than concentrations in unfiltered
samples. This relationship indicates that the metals are
generally associated with the particulate and sediment
carried by the runoff rather than dissolved in the

1978; Belillas and Roda 1993). These increases were Wwater.

generally due to release of these constituents by fire,
changes in chemical states and complexation, and

For nearly every metal, the levels in both filtered
and unfiltered runoff samples for 2000 were signifi-

changes such as increased pH in the post-fire environ-cantly higher than in prior years. Corresponding to the

ment.

radionuclides, the increase in metals concentrations is

None of the LANL results approached or exceeded due to the increased sediment and ash related to the

the standards with the following exceptions. TDS

Environmental Surveillance at Los Alamos during 2000
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metals concentrations were seen for barium, manga-

aluminum concentrations exceeded the EPA secondary

nese, strontium, and uranium. Substantial increases in drinking water standard by more than 50 times. A

total metal concentrations were recorded for arsenic,
boron, barium, chromium, copper, manganese, silver,
strontium, uranium, vanadium, and zinc. In general,
these increases are consistent with those reported in
the scientific literature for fire impacts (seection
5.B.1). Total manganese, for example, found in
plants before fire, is easily reducible by fire processes

single sample taken upstream of the Laboratory in
Starmer’s Gulch, a tributary of Pajarito Canyon,
exceeded New Mexico Livestock Watering Standards
for aluminum. These results reflect naturally occurring
constituents of minerals whose levels are enhanced by
forest fire effects.

We detected antimony at station G-6 in three

leading to subsequent increased concentrations in soil filtered runoff samples at levels more than half the

and water (Chambers and Attiwill 1994; Parra et al.,
1996; Auclair 1997). Similar conclusions were
reached in studies on copper and zinc (Auclair 1997).

Dissolved and total metals concentrations in runoff
varied through the runoff season, as illustrated in
Figure 5-15for selected dissolved metals. In general,
levels recovered to near pre-fire conditions by the end
of October.

Comparison with Standards

Selenium exceeded the New Mexico Wildlife
Habitat Standard of Ag/L in several samples in most
of the major Pajarito Plateau drainages. We detected
the largest values in Pajarito and Water Canyons
during the June 28 runoff event, which carried much
ash from the burned area. Selenium values more than
10 times the wildlife standard were detected in
samples collected above and across the Laboratory in
the flood event. Selenium at levels above the wildlife
standard was indicated in several samples collected
around MDA G, but the analytical laboratory B-
flagged (meaning selenium levels were also detected
in the accompanying analytical blanks) these, casting
doubt on their reliability.

Mercury was detected at levels exceeding the New
Mexico Wildlife Habitat Standard of 0.7@/L at
three locations, and at two additional locations it was

EPA primary drinking water standard, with one result
slightly above the standard. A 1999 filtered runoff
sample from the same station showed similar results.
The source of the antimony around MDA G is
uncertain. Antimony also exceeded the EPA drinking
water standard in a runoff sample from Rendija
Canyon, north of LANL operations, and is presumably
derived from natural sources.

Concentrations of Metals in Suspended

Sediment

Because the suspended solids compose such a large
portion of the total metals load in the runoff samples,
we examined the suspended sediment for significant
levels of the individual metal§able 5-17compares
screening levels against calculated metals concentra-
tions associated with the suspended sediments for
cases where both filtered and unfiltered samples were
obtained for runoff samples. We determined the values
by subtracting the filtered results from the unfiltered
results, using the total suspended solids measured in
the samples. The associated uncertainties were
calculated using propagation of errors. This is a
method of determining how measurement errors affect
the results of a calculation using these measurements.

This analysis identified manganese as the metal
likely to be of most concern from a public exposure

more than half the standard. All of these were detected perspective. The concentrations in the suspended

in samples taken from Pajarito and Water Canyons
during the ash-laden June 28 runoff event. One of

sediment fraction of the runoff were calculated to be
greater than residential EPA soil screening levels (EPA

these exceedances was in a sample taken upstream of2000) for manganese in 8 samples. These measure-

the Laboratory in Pajarito Canyon.

Aluminum, iron, and manganese concentrations
exceeded EPA secondary drinking water standards in
filtered runoff in many locations. Occasionally, these
metals concentrations exceeded the New Mexico
groundwater limits. It is unlikely that people will
directly ingest the runoff; comparisons are made here
with drinking water standards because the dissolved
constituents in the runoff potentially could affect
groundwater quality. In several samples, the filtered

214

ments commonly occurred in samples taken in
Pajarito Canyon and Water Canyons both on-site and
along SR 501 upstream of LANL, where the metals
should be primarily derived from natural sources.
Manganese levels in four samples were more than two
times the SAL. We assume that because of further
downstream mixing, the concentrations in sediment
found in deposits after the runoff events will likely be
substantially lower than those found in the runoff
samples.
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Long-Term Trends
We have monitored summer runoff quality with the
automated samplers for only a few years, not long

at levels very near the analytical detection limit and
were at stations upstream of the Laboratory.
Detections of semivolatile organic chemicals

enough to evaluate long-term trends quantitatively. We included bis(2-ethylhexyl)phthalate, benzoic acid,

performed an initial broad comparison of how the
quality of Laboratory runoff has varied over recent
years. First, we combined available flow and analyti-
cal measurements since 1997, when the downstream
boundary of the Laboratory became effectively
monitored with the automated samplers, and calcu-
lated the annual average (flow-weighted) concentra-
tions of metals measured in summer runoff events at
the downstream LANL stations. The flow-weighted
average gages the average quantity (load) of trace
metals carried in a given volume of runoff. The yearly
averages indicate whether off-site transport has
changed at the Laboratory’s downstream boundary.
The results are shown kigure 5-16 When
compared with levels seen in the three years before
the fire, substantial increases occurred during 2000 in
average metals concentrations of arsenic, boron,
barium, chromium, copper, manganese, strontium,

benzyl alcohol, 2-methylnapthalene, and pyridine. The
benzoic acid, benzyl alcohol, and pyridine are thought
to be end products of combustion of forest fuels.
Benzoic acid was detected throughout the runoff
season in many fire-impacted drainages, and pyridine
was detected in Guaje Canyon, north of the Labora-
tory. There is no definitive source for the bis(2-
ethylhexyl)phthalate, but it is commonly recognized
as introduced in analytical laboratory analysis.

PCBs and dioxins/furans were not found in runoff
above analytical detection limits.

Relatively small concentrations (low parts-per-
billion) of HE compounds were detected in runoff in
the Water Canyon drainage system. HMX was
detected in Indio Canyon at SR 4 on June 28, and
HMX and RDX were detected in a runoff sample
collected in lower Water Canyon at SR 4 in late
October. HMX and RDX are present in surface water

uranium, silver, vanadium, and zinc. We saw increases and spring discharges in this drainage system at

5 to 10 times above pre-fire levels for most of these
metals. In addition, concentrations of antimony,
nickel, lead, and tin doubled after the fire.

The pre-fire average concentrations typically varied
within about one-half an order of magnitude. Within

comparable levels.

Several other HE compounds (tetryl and several
isomers of nitrobenzene and nitrotoluene) were also
possibly detected, but most of these were likely false
detections. Because of the high ash content in the

these limited ranges, however, there is a suggestion of samples, there were interference effects with the

upward trends in some pre-fire metals concentrations.
Over the three pre-fire years for which we have
summer runoff data, average concentrations progres-
sively increase for barium, beryllium, cobalt, nickel,
lead, manganese, strontium, and zinc. The interpreta-
tion of this preliminary finding is not clear. More

study is needed to determine if the indicated trends
can be isolated to individual drainages.

c. Organic Constituents in Runoff. Table 5-9
summarizes the locations where we collected organic
samples in 2000. (Seection 5.H.2.cfor analytical
methods and analytes.) We analyzed samples for
volatile organic compounds (VOCs) and semivolatile
organic compounds (SVOCs). Some samples were
also analyzed for HE constituents, PCBs, and dioxins/
furans.Table 5-18shows organic compounds detected
above the analytical laboratory’s reporting level in
2000.

The only VOC detected in 2000 was 1,4-dichlo-

requested analytical method. Few of these HE
detections were confirmed using an alternate analyti-
cal method (UV-Diode Array) that is not susceptible to
ash effects. The suspect values are shown with an
X-qualifier in Table 5-18 These other HE compounds
were detected only in the large runoff event of June
28, primarily in samples taken upstream or north of
the Laboratory.

Assuming the false HE detections, all of the
organic chemical detections were at levels below the
EPA Region 6 screening values for tap water (EPA
2000), with two exceptions. A sample from MDA G
station G-4 contained bis(2-ethylhexyl)phthalate at a
level approximately three times larger than the EPA
screening level. The RDX detected in lower Water
Canyon slightly exceeds the EPA screening level.

d. Toxicity Monitoring of Runoff Quality.
The Laboratory and the NMED DOE Oversight
Bureau collected five runoff and two surface water

robenzene. All three detections of this compound were samples in September 2000 for acute and chronic

Environmental Surveillance at Los Alamos during 2000

biological toxicity testingTable 5-19resents sample
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locations and test results. The EPA Region 6, Houston
Branch, conducted all the toxicity monitoring. In the
acute test, a population of daphnia (an aquatic
invertebrateCeriodaphnia dubipwas exposed for 48
hours to various dilutions of water decanted off
centrifuged runoff samples. They used runoff dilutions
of 0 (lab control), 6.25, 12.5, 25, 50, and 100%
(undiluted runoff) to establish a dose-response
relationship, if any, for survival of the insect. An
acceptable survival rate is 20% lower than the control
sample. None of these samples showed significant
acute effects.

The chronic tests used two different test organisms.
A population of daphnia was exposed for seven days
to a control sample and to undiluted water decanted
off centrifuged runoff sample to look for survival and
reproduction effects, whereas the embryo and larvae
of fat head minnowsRimephales promelasvere
studied for survival and teratogenicity effects. Five
samples showed no significant chronic effects.
However, two runoff samples that NMED collected
from upper Pueblo Canyon showed 70% and 100%
mortality and significantly reduced reproduction in the
7-day Survival and Reproduction daphnia test. These
samples were taken near the mountains, upstream of
LANL discharges and above most urbanization in Los
Alamos. The specific source(s) of the toxicity has not
been identified. The Laboratory will expand biological
monitoring during 2001 to include other drainages and
snowmelt.

E. Sediment Sampling

1. Introduction

Sediment transport associated with surface water
runoff is a significant mechanism for contaminant
movement. Contaminants originating from airborne
deposition, effluent discharges, or unplanned releases
can become attached to soils or sediments by adsorp-
tion or ion exchange.

There are no federal or state regulatory standards
for soil or sediment contaminants that we can use for
comparison with the Laboratory’s environmental
surveillance data. Instead, contaminant levels in
sediments may be interpreted in terms of toxicity
because of ingestion, inhalation, or direct exposure.
The Laboratory’s Environmental Restoration (ER)
Project uses SALs to identify contaminants at concen-
trations or activities of concern. SALs are screening
levels selected to be less than levels that would

from toxicity values and exposure parameters using
data from the EPA. Contaminant levels in sediments
may also be compared with residential soil screening
levels developed by EPA Region 6 (EPA 2000). These
screening levels are derived from toxicity data and are
currently used as SALs by the ER Project.

We can also compare the data with activities of
radionuclides resulting from atmospheric fallout or
from naturally occurring radionuclides. We used
radionuclide analyses of sediment samples collected
from regional stations for the period 1974 to 1986 to
establish background activities from atmospheric
fallout of radionuclides and to determine the back-
ground concentrations of naturally occurring uranium
(Purtymun et al., 1987). McLin et al. (in preparation)
developed provisional background levels for data from
the period 1974 to 1996. In this study, the authors
determined separate values for reservoir sediments
and river sediments. Differences in grain size and
depositional setting lead to different levels of accumu-
lation for fallout-derived radionuclides in these two
environments. We use the 0.95 quantile activity of
each of the radionuclides in the regional station
samples as an estimate of the upper limit of back-
ground values. If the activity of an individual sedi-
ment sample is greater than the estimated background
value, we consider the Laboratory as a possible source
of contamination. Tables summarizing analytical
results list the reservoir and river background and
SAL values for sediments.

2. Monitoring Network

Sediments are sampled in all major canyons that
cross the Laboratory, including those with either
perennial or ephemeral flows. We also sample
sediments from regional reservoirs and stream
channels annually.

Regional sediment sampling statiorsgure 5-3
are located within northern New Mexico and southern
Colorado at distances up to 200 km from the Labora-
tory. Samples from regional stations provide a basis
for estimating background activities of radionuclides
resulting from atmospheric fallout or from naturally
occurring radionuclides. We obtained regional
sediment samples from reservoirs on the Rio Grande
and the Rio Chama and at stations on the Rio Grande
and Jemez River.

Stations on the Pajarito Platedtigure 5-17 are
located within about 4 km of the Laboratory boundary,
with the majority located within the Laboratory

constitute a human health risk. SAL values are derived boundary. The information gathered from these
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stations documents conditions in areas potentially
affected by Laboratory operations. Many of the

than river or reservoir background levels and identify
values that are near or above SALable 5-21shows

sediment sampling stations on the Pajarito Plateau are all tritium detections regardless of screening levels.

located within canyons to monitor sediment contami-
nation related to past and/or present effluent release
sites. We sampled three major canyons (Pueblo, Los
Alamos, and Mortandad Canyons) that have experi-
enced past or present liquid radioactive releases from
upstream of the Laboratory to their confluence with
the Rio Grande.

We also collected sediments from drainages
downstream of two material disposal areas. Area G at
TA-54 is an active waste storage and disposal area.
Nine sampling stations were established outside its
perimeter fence in 198Figure 5-3 to monitor
possible transport of radionuclides from the area. The
surface drainage changed, and we dropped two
sampling stations in 1998 and added four others. G-4
R-1 and G-4 R-2 replaced station G-4. G-6 was
located in a channel that received runoff that was not
entirely from Area G. G-6R replaced G-6 and is
located in a stream channel that receives runoff only
from Area G. Station G-0 was added on the north side

of Area G in a drainage that flows to Cafada del Buey.

Area AB at TA-49 was the site of underground

Detections are defined as values exceeding both the
analytical method detection limit (where available)
and three times the individual measurement uncer-
tainty. Qualifier codes are shown because some
analytical results that meet the detection criteria are
not detections: in some cases, the analyte was found in
the lab blank or was below the method detection limit,
but the analytical result was reported as the minimum
detectable activity. Results from the 2000 sediment
sample analysis are generally consistent with histori-
cal data.

Because of analytical laboratory delays, many
sediment stations did not have results completed for
plutonium-238, plutonium-239, -240, and americium-
241 in time for the 1999 report; the complete data
appear infable 5-23As discussed in the 1999 report,
the analytical laboratory had data quality problems
with analysis of strontium-90 for 1999, so the data are
not included inTable 5-23 The report “Environmental
Surveillance at Los Alamos during 1999” contained
the complete sediment strontium-90 data.

In 1999, strontium-90 was found above fallout

nuclear weapons testing from 1959 to 1961 (Purtymun levels in all 105 sediment samples where it was

and Stoker 1987, ESP 1988). The tests involved high
explosives and fissionable material insufficient to

detected in samples from the Pajarito Plateau and at
regional stations. These high values resulted from

produce a nuclear reaction. We established 11 stations problems with a new strontium-90 laboratory tech-

in 1972 to monitor surface sediments in drainages
adjacent to Area ABHigure 5-18. We added another
station (AB-4A) in 1981 as the surface drainage
changed.

3. Radiochemical Analytical Results for
Sediments

Table 5-20shows the results of radiochemical
analysis of sediment samples collected in 2000. The
table also lists the total propagated one sigma analyti-
cal uncertainty and the analysis-specific minimum
detectable activity where available. Uranium was
analyzed by isotopic methods rather than as total
uranium for most samples in 2000; total uranium was
calculated from these values using specific activities
for each isotope. The sample size for most sediment
samples is 100 g. Lower detection limit analysis for
plutonium-238 and plutonium-239, -240 in reservoir
samples was not done in 2000.

To emphasize values that are detectidables
5-21 (river sediments) anB-22 (reservoir sediments)

nique. Strontium-90 has previously been detected
infrequently at most stations. In 2000, strontium-90
was found above background only at Acid Weir below
the former TA-45 outfall (a duplicate laboratory
analysis detected strontium-90 below background in
the sample). We previously used a strontium-90
background value of 0.87 pCi/g (Purtymun et al.,
1987). For this report, background levels are
1.02 pCi/g for river sediments and 1.19 pCi/g for
reservoir sediments (McLin et al., in preparation).
Cesium-137 was found in many samples at much
higher values than previously noted because of the
Cerro Grande fire. Several studies (Bitner et al., 2001)
have shown that fires concentrate fallout-derived
cesium-137 from vegetation into the soil where it is
available for redistribution by runoff. Runoff samples
taken from upstream of the Laboratory after the fire
found cesium-137 levels much above normal
(Johansen et al., 2001). Cesium-137 in the suspended
sediment portion of the runoff samples discussed in
Johansen et al. (2001) was above the sediment SAL.

list radiochemical detections for values that are higher Post-fire sediment samples from several canyons or at

Environmental Surveillance at Los Alamos during 2000
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stations without previous evidence of radioactive stream of historical release sites in those canyons have

contamination showed high cesium-137 values, some remained relatively constant during the past. These

above SALs. These included Water at Rio Grande, patterns have been documented for several decades in

Pajarito Retention Pond, Pajarito at Rio Grande, Los Laboratory reports (ESP 1981).

Alamos Canyon Reservoir, Rio Grande at Cochiti, At station DPS-4 in DP Canyon, activities of

Guaje at SR 502, Frijoles at Rio Grande, above Ancho americium-241, cesium-137, plutonium-238, and

Spring, and Chaquehui at Rio Grande. plutonium-239, -240 were above background in 2000,
For 2000, samples from two stations at Cochiti consistent with historical data. In Los Alamos Canyon

Reservoir showed cesium-137 at values about 20% to (extending to Los Alamos at Otowi), activities of
40% above background. Plutonium-238 was apparentlyamericium-241, cesium-137, plutonium-238, and
found in one sample well above background, but particularly plutonium-239, -240 were above back-
reanalysis of the sample did not detect any plutonium ground as in the past. Tritium was detected in sedi-
isotopes. Samples from two locations in Abiquiu ments at DPS-4, Los Alamos at LAO-1, and Los
Reservoir found plutonium isotopes above background Alamos at LAO-4.5.

In one sample, plutonium-238 was found at 15 times At Acid Weir (at the confluence of Acid and Pueblo
the background value. This reservoir is well upstream Canyons), plutonium-238 was not found above
from Laboratory influence. Gross alpha and beta valuedackground, which is unusual, and plutonium-239,
at most stations in both Cochiti and Abiquiu Reservoirs -240 activity was about 10 times background. The
were above background. These values may reflect a latter value is consistent with historical data.

change in analytical laboratory from previous years. Plutonium-239, -240 was about 10 times back-

At regional stations, plutonium isotopes were found ground at Pueblo 1R. In pre-fire samples at Pueblo 2,
above background at Rio Chama at Chamita, Rio plutonium-239, -240 activity was 144 times back-
Grande at Otowi, and Rio Grande at Bernalillo. Of ground. Levels above background decrease to 46

these four above-background detections, three were ndimes background at Hamilton Bend Spring, 68 times
found in analysis of a field duplicate, including appar- background at Pueblo 3, and, in a post-fire sample, 88
ent detections of both isotopes at Rio Grande at times greater than background at Pueblo at SR 502.
Chamita and of plutonium-239, -240 at Rio Grande at Within Mortandad Canyon, the greatest radionu-
Otowi. The results for plutonium-238 and plutonium-  clide levels in sediments are found between the point
239, -240 at Rio Chama at Chamita were about 40 andwhere the TA-50 RLWTF effluent enters the drainage
60 times the background (but were not substantiated by{above station Mortandad at GS-1) and the sediment
analysis of a field duplicate). This location is well up- traps (MCO-7), approximately a 3-km distance.
stream from Laboratory influence. Cesium-137 was  Radionuclide levels decrease in the downstream
found in a post-fire sample from the Rio Grande at direction from TA-50 to the sediment traps. Radionu-
Cochiti at nearly three times background. Cesium-137 clide levels near, or slightly exceeding, background
was one of the isotopes found in higher amounts in levels are found downstream of the sediment traps,
runoff because of the Cerro Grande fire (Johansen et akxtending to the Laboratory/San Ildefonso Pueblo

2001). boundary station A-6. Based on mass spectrometry
Many 2000 sediment samples from the known analysis, Gallaher concluded that off-site plutonium

radioactive effluent release areas in Acid/Pueblo, DP/ contamination at levels near fallout values might

Los Alamos, and Mortandad Canyons exceeded extend two miles beyond the Laboratory boundary

background levels for tritium, cesium-137, plutonium- (Gallaher et al., 1997).
238, plutonium-239, -240, americium-241, gross alpha, In 2000, sediment samples from GS-1, MCO-5,
gross beta, and gross gamma activities. These levels aesxd MCO-7 in Mortandad Canyon showed cesium-
consistent with historical data. 137 concentrations that were up to 4.4 times greater
In both Los Alamos and Pueblo Canyon sediments, than the SAL value. Median values since 1980 for
above-background levels of plutonium are evident for cesium-137 at these stations range up to six times
distances greater than 16 km downstream from the greater than the SAL value. Cesium-137 levels at
sources in Acid and DP Canyons. The contamination these stations have declined by factors of five to 35
extends off-site across San Ildefonso Pueblo lands andsince the early 1980s because of lower cesium-137
reaches the Rio Grande near the Otowi Bridge. Pluto- discharges from the RLWTF. Tritium in the sediment
nium-238 and plutonium-239, -240 activities down- sample at GS-1 was 16% above the SAL. The pluto-
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nium-239, -240 activity at GS-1 was about 73% of the
SAL. The americium-241, plutonium-238, and
plutonium-239, -240 analyses from MCO-5 were in
keeping with most past values, supporting the idea
that one of two analyses for these isotopes in 1999

was erroneously high. During 2000, no other sediment
samples in Mortandad Canyon showed any values that

exceeded SAL values.

Downstream of the sediment traps in Mortandad
Canyon at stations MCO-9, MCO-13, A-6, and
Mortandad at SR-4 (A9), plutonium-239, -240 activity
ranged from 1.3 to 2.6 times background values.
Although the data are comparable to previous years,
the comparison with background is much higher than
given for the last 15 years, reflecting a change in the
background value from 0.023 pCi/g to 0.013 pCi/g.

Fence at SR 4 had detections of plutonium-239, -240
slightly above background.

The remainder of sediment samples collected at
locations at the Laboratory in 2000 were near back-
ground levels.

4. Nonradiochemical Analytical Results

a. Trace Metals Beginning in 1992, we have
analyzed sediments for trace metdkhle 5-24
presents trace metal results for the sediment samples
collected in 2000.

Since 1990, trace metals analysis has indicated the
presence of mercury at near detection limit concentra-
tions (0.025 mg/kg) in nearly 200 sediment samples.
The largest numbers of those historic samples (from
1990-1998) were from Los Alamos Canyon (22

Based on the former background value, results at thesesamples), followed by Mortandad Canyon (21 samples

stations range from 0.7 to 1.5 times background.
Other, not yet published, results from these stations
based on isotopic ratios support the new smaller
background value.

A number of sediment samples in the vicinity and
downstream of Area G contained plutonium-238 and
plutonium-239, -240 at activities greater than back-
ground. Both isotopes were about 35 times back-
ground at G-7. G-6R had a plutonium-239, -240
activity more than 18 times background. Americium-
241 was 16 times background at G-6 R. Tritium was
found at G-4 R-1 and G-4 R-2 above or near the SAL
and at G-6R. The station Pajarito at SR 4, which is
located more than one km downstream of Area G, had
plutonium-239, -240 above background.

We found plutonium-238 and plutonium-239, -240
at activities greater than background in a number of
sediment samples collected at Area AB. Station AB-3
is located immediately downstream of a known
surface-contamination area dating to 1960 (Purtymun
and Stoker 1987). At AB-3, plutonium-239, -240 was
again nearly 58 times background, and plutonium-238
was three times background activity. These values are
consistent with past results. Although plutonium-239,
-240 was found above background in samples at AB-1
and AB-11, analysis of field duplicates did not find
this isotope above background.

At Ancho at SR 4, tritium was again detected. The
station Above Ancho Spring had tritium above the
SAL, as well as above-background cesium-137 and
plutonium-239, -240.

Chaquehui at Rio Grande again had a detection of
cesium-137 and showed tritium. Potrillo at SR 4,
Carfion de Valle at SR 501, Frijoles at Rio Grande, and
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since 1992), Area AB (19 samples), and Area G (15
samples since 1994). In 2000, we found low levels of
mercury, far below the SAL of 23 mg/kg, in sediments
from Rio Grande at Embudo and Rio Grande at
Bernalillo and from Los Alamos at Otowi, MCO-5,
Canon de Valle at SR-501, three stations surrounding
Area G, and eight stations at Area AB.

Barium and manganese are two metals that may be
mobilized by forest fires. Many stations had manga-
nese above SALS, including around Area G and Area
AB and samples from Bayo, Guaje, Water, and Los
Alamos Canyons. However, much of this sampling
occurred before the fire and levels of manganese in
2000 at these stations are in the range of previous
values, so the Cerro Grande fire is not the manganese
source. Some stations with unusually high manganese
(2.5 to 4 times the SAL) were post-fire samples from
Frijoles at Rio Grande, Pajarito Retention Pond, and
Pajarito at Rio Grande. Barium was near half the SAL
at Chaquehui at Rio Grande and exceeded the SAL at
Frijoles at Rio Grande, Pajarito at Rio Grande, and
Pajarito Retention Pond.

Barium was found at half the SAL at AB-1 and AB-
4 in pre-fire samples. A sample collected from AB-1
had unusually high metal content. This sample
exceeded SALs for cadmium, chromium, and manga-
nese. A field duplicate collected at AB-1 had metals
results in the usual ranges.

b. Organic Analysis.Beginning in 1993, we
have analyzed sediments for PCBs and SVOCs. Some
sediment samples have been analyzed for HE constitu-
ents since 1995. We analyze samples from only a
portion of the sediment stations each y&ahle 5-25
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lists these samples. With exceptions shownaible
5-26, the analytical results showed no PCBs, SVOCs,
or HE constituents detected above the analytical
laboratory’s reporting limit in any of the sediment
samples collected during 2000.

Of the compounds listed ifable 5-26 most were
at levels far below ER SALs. Three semivolatile
organic compounds were found at Ancho at SR-4 at
concentrations that are about 37% to 48% of the EPA
Region 6 residential soil screening levels. The com-

the SAL but have decreased over the last 25 years.
Cesium-137 levels below the sediment traps have
gradually declined to near background levels.

F. Groundwater Sampling

1. Introduction

Groundwater resource management and protection
efforts at the Laboratory focus on the regional aquifer
underlying the region (se€&ection 1.A.} but also

pounds are benzo(a)pyrene, benzo(b)fluoranthene, andcconsider perched groundwater found within canyon
benzo(a)anthracene. These compounds are polycyclic alluvium and at intermediate depths above the

aromatic hydrocarbon (PAH) compounds that are
formed by burning of gasoline, garbage, or animal or
plant material and are usually found in smoke and
soot. The compounds can come from oil refining and
processing of coal, creosote, or tar products or runoff
containing grease and oils or asphalt leachate.

5. Long-Term Trends

For the plots discussed in this section, we show
only detections of a particular radionuclide in sedi-

regional aquifer. The Los Alamos public water supply
comes from supply wells drawing water from the
regional aquifer.

The early groundwater management efforts by the
USGS evolved through the growth of the Laboratory’s
current Groundwater Protection Management Pro-
gram, required by DOE Order 5400.1 (DOE 1988).
This program addresses environmental monitoring,
resource management, aquifer protection, and
hydrogeologic investigations. The Laboratory issued

ments; samples without such detections are not shownformal documentation for the program, the “Ground-

Figure 5-19alepicts plutonium-238 activities at

five stations in Mortandad Canyon from 1976 to 2000.

water Protection Management Program Plan,” in April
1990 and revised it in 1995 (LANL 1996). During

GS-1, MCO-5, and MCO-7 are located downstream of 1996, the Laboratory developed and submitted an

the RLWTF discharge point and upstream of the
sediment traps. Plutonium-238 activity at GS-1 has
decreased by a factor of about 10 during that time
period and, except for a 1999 sample at MCO-5

extended groundwater characterization plan, known as
the Hydrogeologic Workplan (LANL 1998), to the
NMED. NMED approved the Hydrogeologic

Workplan on March 25, 1998. Sé&apter Xor a

(which was questionable as a duplicate analysis was indescription of investigations under the Hydrogeologic
the usual range), has not exceeded the SAL since 1983MNorkplan.

MCO-9 and MCO-13 are located downstream of the
sediment traps. Plutonium-238 is infrequently above
background at those stations and is not regularly
detected.

Figure 5-19bshows plutonium-239, -240 levels on
Laboratory lands in Mortandad Canyon. Plutonium-
239, -240 levels upstream of the sediment traps have
declined by approximately a factor of 10 since the

Concentrations of radionuclides in environmental
water samples from the regional aquifer, the perched
alluvial groundwater in the canyons, and the interme-
diate-depth perched systems may be evaluated by
comparison with DCGs for ingested water calculated
from DOE'’s public dose limit (see Appendix A for a
discussion of standards). The NMWQCC has also
established standards for groundwater quality

1980s, presumably because of decreased radioactivity (NMWQCC 1996). Concentrations of radioactivity in

in the RLWTF discharges and the dispersal of previ-
ously contaminated sediments. Downstream of the
sediment traps, plutonium activities have remained
relatively constant; the activities are two orders of
magnitude less than upstream of the sediment traps
and are near background activities.

Figure 5-19cshows that cesium-137 has been
present in Mortandad Canyon since the first data
collected in the 1970s. Between TA-50 and the

drinking water samples from the water supply wells,
which draw water from the regional aquifer, are
compared with New Mexico Drinking Water Regula-
tions and EPA MCLs or to the DOE DCGs applicable
to radioactivity in DOE drinking water systems, which
are more restrictive in a few cases.

The concentrations of nonradioactive chemical
quality parameters may be evaluated by comparing
them with NMWQCC Groundwater Standards

sediment traps, cesium-137 levels have often exceededNMWQCC 1996) and with the New Mexico drinking
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water regulations and EPA drinking water standards,
although these latter standards are only directly appli-
cable to the public water supply. Although it is not a

cemented, which would seal off surface infiltration
along the boreholes.
We collect samples from 12 deep-water supply

source of municipal or industrial water, shallow alluvial wells in three well fields that produce water for the
groundwater is a source of return flow to surface water Laboratory and community. The wells are part of the

and springs used by livestock and wildlife and may be
compared with the Standards for Groundwater or the
Livestock Watering and Wildlife Habitat Stream Stan-

Los Alamos water-supply system and are leased and
operated by the County of Los Alamos. The well
fields include the off-site Guaje well field and the on-

dards established by the NMWQCC (NMWQCC 2000).site Pajarito and Otowi well fields. The Guaje well
However, it should be noted that these standards are fdield, located northeast of the Laboratory, now

the most part based on dissolved concentrations. Manycontains five producing wells. Four new wells were
of the results reported here are total concentrations (thatrilled in this field in 1998. With one exception (G-1A

is, they include both dissolved and suspended solids
concentrations), which may be higher than dissolved
concentrations alone.

2. Monitoring Network

Groundwater sampling locations are divided into
three principal groups, related to the three modes of

was retained as a backup production well), older wells
were retired in 1999 because of their age and declin-
ing production. The five wells of the Pajarito well

field are located in Sandia and Pajarito Canyons and
on mesa tops between those canyons. Two wells make
up the Otowi well field, located in Los Alamos and
Pueblo Canyons. In 2000, the Laboratory sampled Los

groundwater occurrence: the regional aquifer, perched Alamos water supply wells for four contaminants of

alluvial groundwater in the bottom of some canyons,

concern: strontium-90, tritium, high explosives, and

and localized intermediate-depth perched groundwater perchlorate. Additional regional aquifer samples come

systemsFigure 5-20shows the sampling locations for

from wells located on San lldefonso Pueblo. The

the regional aquifer and the intermediate-depth perchedrequency of monitoring varies from annual to

groundwater systemBigure 5-21presents the sam-
pling locations for the canyon alluvial groundwater
systems. Purtymun (1995) described the springs and
wells.

Sampling locations for the regional aquifer include
test wells, supply wells, and springs. New wells, con-
structed pursuant to implementation of the
Hydrogeologic Workplan activities, are not yet part of
LANL's Groundwater Monitoring Plan and the monitor-
ing well network. In 2001, the first set of the regional
aquifer (R) wells, installed pursuant to implementation
of the Hydrogeologic Workplan, will be turned over to

monthly depending on the contaminant and sampling
location.

We sample numerous springs near the Rio Grande
because they represent natural discharge from the
regional aquifer (Purtymun et al., 1980). As such, the
springs serve to detect possible discharge of contami-
nated groundwater from beneath the Laboratory into
the Rio Grande. Based on their chemistry, the springs
in White Rock Canyon are divided into four groups,
three of which have similar, regional aquifer-related
chemical quality. The chemical quality of springs in a
fourth group reflects local conditions in the aquifer,

ESH-18 for custodianship and possible inclusion in the probably related to discharge through faults or from

monitoring network. ESH-18 is working with the

volcanics. Sacred Spring is west of the river in lower

NMED and other Laboratory organizations to formulateLos Alamos Canyon.

a protocol for adding these wells to LANL's Groundwa-

ter Monitoring Plan to meet site-wide groundwater
monitoring needs.

We sample approximately half of the White Rock
Canyon springs each year. Larger springs and springs
on San lldefonso Pueblo lands are sampled annually,

We routinely sample eight deep test wells, completedvith the remainder scheduled for alternate years.

within the regional aquifer. The USGS drilled these test

wells between 1949 and 1960 using the cable tool

We sample the perched alluvial groundwater in five
canyons (Pueblo, Los Alamos, Mortandad, and

method. The Laboratory located these test wells wherePajarito Canyons, and Cafiada del Buey) with shallow

they might detect infiltration of contaminants from
areas of effluent disposal operations. These wells
penetrate only a few tens or hundreds of feet into the
upper part of the regional aquifer. The casings are not

Environmental Surveillance at Los Alamos during 2000

observation wells to determine the impact of NPDES
discharges and past industrial discharges on water
quality. In any given year, some of these alluvial
observation wells may be dry, and thus we cannot
obtain water samples. Observation wells in Water,
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Fence, and Sandia Canyons have been dry since their only occurrences of these measurements above

installation in 1989. All but two of the wells in Cafiada threshold values. The specific levels aneg8l for

del Buey are generally dry. uranium, 5 pCi/L for gross alpha, and 20 pCi/L for
Intermediate-depth perched groundwater of limited gross beta and are lower than the EPA MCLs or

extent occurs in conglomerates and basalt at depths ofscreening levels.

several hundred feet beneath the alluvium in portions The right-hand columns dfable 5-28indicate

of Pueblo, Los Alamos, and Sandia Canyons. We radiochemical detections that are greater than one-half

obtain samples from two test wells and one spring. Theof the DOE DCGs for public dose for ingestion of

well and spring locations allow us to monitor possible environmental water or the standards shown. No

infiltration of effluents beneath Pueblo and Los Alamos groundwater values exceeded half the DOE public

Canyons.

Some perched water occurs in volcanics on the
flanks of the Jemez Mountains to the west of the
Laboratory. This water discharges at several springs
(Armstead and American) and yields a significant flow
from a gallery in Water Canyon, where this perched
water is sampled. Additional perched water extends
eastward from the Jemez Mountains beneath TA-16 in
the southwestern portion of the Laboratory. The
drilling of Hydrogeologic Workplan well R-25 con-
firmed the existence of this perched water, at a depth
about 750 ft below the mesa top, in 1998. The water
was found to contain high-explosives compounds
resulting from past Laboratory discharges. The
Laboratory is conducting further work to characterize
this perched zone.

3. Radiochemical Analytical Results for
Groundwater

Table 5-27lists the results of radiochemical
analyses of groundwater samples for 2000. The table
also lists the total propagated one sigma analytical
uncertainty and the analysis-specific minimum
detectable activity where available. Uranium was
analyzed by isotopic methods rather than as total
uranium for most samples in 2000; total uranium was
calculated from these values using specific activities
for each isotope.

To emphasize values that are detectidable 5-28
lists radionuclides detected in groundwater samples.
Detections are defined as values exceeding both the
analytical method detection limit (where available) and
three times the individual measurement uncertainty.
Qualifier codes are shown because some analytical
results that meet the detection criteria are not detec-
tions: in some cases, the analyte was found in the lab
blank or was below the method detection limit, but the
analytical result was reported as the minimum detect-
able activity. Because uranium, gross alpha, and gross
beta are usually detected, we indicatéable 5-28
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dose DCG values in 2000.

Discussion of results will address the regional
aquifer, the perched canyon alluvial groundwater, and
the intermediate-depth perched groundwater system.

a. Radiochemical Constituents in the Re-
gional Aquifer. For samples from wells or springs in
the regional aquifer, most of the results for radio-
chemical measurements were below the DOE drinking
water DCGs or the EPA or New Mexico standards
?pplicable to a drinking water system. In addition,
most of the results were near or below the detection
limits of the analytical methods used. The exceptions
are discussed below.

The main detected radioactive element in the
regional aquifer was uranium, found in springs and
wells on San lldefonso Pueblo land. Seestion 5.G
for a discussion of these values.

A number of regional aquifer springs and wells had
apparent detections of americium-241, plutonium-238,
plutonium-239, -240, and other isotopes. In many
cases, the analysis of laboratory or field duplicate
samples did not support the apparent detections. At
values near the detection limit, it is technically
difficult to determine whether an analyte has been
detected in an individual sample. However, because
these measurements are not repeatable, these apparent
detections are far more likely to be due to analytical
outliers (that is, false positives) than to the presence of
the particular isotope in groundwater. Important
factors regarding monitoring for radioactivity in
groundwater are using detection limits substantially
below the drinking water MCL and drawing conclu-
sions based on a large body of data rather than from
an individual sample. By observing data trends over
time and location, we eliminate false positives
potentially associated with any errors arising from
chemical analysis or sampling.

Americium-241 was apparently found near the
detection limit in Test Well 1, O-1, Spring 3A, and
Spring 4A (it was not detected in a duplicate analysis

Environmental Surveillance at Los Alamos during 2000
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of the Spring 4A sample). Americium-241 has not
been regularly found at any of these locations, so it is
likely that these results are false positives.

Numerous apparent detections of plutonium
isotopes (most near the detection limit) occurred in
regional aquifer well and spring waters. None of the
apparent detections were supported (and many were
contradicted) by analysis of laboratory or field
duplicates, which were done for many of the samples.
As plutonium isotopes are not regularly found in these
waters, it is likely that the results are analytical
artifacts. We plan to collect additional samples in 2001
to check for the possibility of plutonium occurrence at
these stations. Plutonium-238 was found in Test Well
3 (though not in a duplicate analysis), Sandia Spring,
Spring 2, and at San lldefonso wells LA-5, Pajarito
Pump 1 (though not in a duplicate analysis), Don Juan
Playhouse, Otowi House, and New Community
(though not in a field duplicate). Plutonium-239, -240
was apparently detected in Test Well 3 (though not
found in a duplicate analysis) and New Community
Well (though not found in a field duplicate).

During 1999 sampling, analytical laboratory
problems caused many apparent detections of stron-
tium-90 where it had not been seen previously. Levels
of strontium-90 exceeding the drinking water MCL of
8 pCi/L were apparently detected in Test Wells 1, 3, 4,
8, DT-9, DT-10, and Sanchez House Well at San
lldefonso Pueblo. Strontium-90 was also detected in
Los Alamos water supply wells G-1, G-1A, O-1, O-4,
and PM-4 and San lldefonso Pueblo water supply
wells LA-5, Don Juan Playhouse Well, Pajarito Well
(Pump 1), and Eastside Artesian Well. Sacred Spring
and Spring 8B also showed strontium-90 detections.
LANL believes that none of these 1999 detections are
valid and that they are due to analytical laboratory
problems. Data collected during 2000 went to outside
analytical laboratories, which achieved lower detec-
tion limits for strontium-90 analysis. The 2000 data
support the conclusion that much of the 1999 stron-
tium-90 data were subject to analytical error.

Regional aquifer test wells were sampled either
quarterly or semiannually for strontium-90 in 2000.
SeeTable 5-29 No strontium-90 was detected in these
wells.

Strontium-90 was apparently detected in Spring 9A
(though not found in a duplicate analysis), Sacred
Spring (though not found in a duplicate analysis), and
Basalt Spring.
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We sampled all Los Alamos water supply wells
quarterly for strontium-90 in 2000; this sampling will
continue in 2001Table 5-29%resents the quarterly
strontium-90 results for 2000. In 2000, strontium-90
was initially detected in O-1 and G-3A. O-1 is located
in lower Pueblo Canyon several miles east-northeast
of the Laboratory’s main technical area. Although O-1
was constructed in 1990, it did not become operational
until 1997. Major water production from the well
began in the spring of 2000. G-3A is in Guaje Canyon,
on Forest Service land north of Los Alamos. The
detection for O-1 occurred in a laboratory duplicate
analysis; the original analysis did not yield a detec-
tion. Reanalysis of the original samples and subse-
guent sampling at both wells have not confirmed
either of the detections of strontium-90, so we view
these detections as analytical outliers.

NMED hydrologists reported in January 2000 that
samples taken in June 1999 from the O-1 supply well
contained tritium in concentrations of 39.9 pCil/L.
LANL found tritium in O-1 in a June 21, 2000, sample
at a concentration of 38.3 +/- 1.3 pCi/L. These
concentrations are 500 times lower than the federal
drinking water standard but are above background
concentrations that can be found in groundwater
around the Laboratory. We now sample O-1 monthly
for tritium. Table 5-30compiles the water supply well
tritium results for 2000. The University of Miami
analyzed these samples at a low detection limit of
about 1 pCi/L. Tritium was found at background
levels in other water supply wells.

Concentrations of tritium in the regional aquifer in
other parts of the Laboratory can be found ranging
between 1 and 3 pCi/L; tritium concentrations in
northern New Mexico surface water and rainwater
range from 30 to 40 pCi/L. Tritium also has been seen
in the deep aquifer in a test well several hundred yards
downstream from the O-1 supply well. The concentra-
tion of tritium in Test Well-1 was 360 pCi/L in 1993.
The test well just penetrates the top of the regional
aquifer about 600 ft beneath the canyon floor. In
contrast, the area within the aquifer from which O-1
draws its water begins at just about 1,000 ft below the
canyon floor (and about 400 ft lower than the top of
the aquifer and Test Well-1) and continues down an
additional 1,460 ft.

b. Radiochemical Constituents in Alluvial
Groundwater. None of the radionuclide activities in
perched alluvial groundwater are above the DOE
DCGs for public dose for ingestion of environmental
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water. Except for americium-241 and strontium-90
values from Mortandad and Los Alamos Canyons,

americium-241. Except for americium-241 in MCO-3,
the DOE Drinking Water System DCGs for these

none of the radiochemical measurements exceed DOEIlatter radionuclides were not exceeded in Mortandad

DCGs applicable to a drinking water system (that is,
exceed 1/25th of the DOE DCGs for public dose for
ingestion of environmental water). Levels of tritium;
cesium-137; uranium; plutonium-238; plutonium-239,
-240; and gross alpha, beta, and gamma are all within
the range of values observed in recent years.

In Pueblo Canyon, samples from APCO-1 showed
detections of strontium-90 and plutonium-239, -240.
This well had plutonium-239, -240 above the detec-
tion limit in most years since 1994. We have seen
similar values in previous years in surface water and
alluvial groundwater in Pueblo Canyon, because of
past Laboratory discharges.

The samples of perched alluvial groundwater in
Los Alamos and DP Canyons show residual contami-
nation, as we have seen since the original installation
of monitoring wells in the 1960s. LAO-C is upstream
from known Laboratory sources and showed detec-
tions of americium-241, plutonium-238, and stron-
tium-90. This well had one previous detection of
americium-241 in 1980 and three previous detections
of plutonium-238 during 1973. Strontium-90 was
found in LAO-0.7, LAO-2, LAO-3A, and LAO-4. In
LAO-1, LAO-2, and LAO-3A, the activity of stron-
tium-90 usually approaches or exceeds the EPA
primary drinking water MCL of 8 pCi/L. Plutonium-
239, -240 was not detected in LAO-0.7, for the second
year since 1993. LAO-2 and LAO-3A showed gross
beta activities approaching or exceeding the drinking
water screening level of 50 pCi/L.

The perched alluvial groundwater samples from
Mortandad Canyon showed activities of radionuclides
within the ranges observed previously. Tritium;
strontium-90; cesium-137; plutonium-238; plutonium-
239, -240; americium-241; and gross alpha, beta, and
gamma are usually detected in many of the wells. The
radionuclide levels are in general highest nearest to
the TA-50 RLWTF outfall at well MCO-3 and
decrease down the canyon. The levels of tritium,
strontium-90, and gross beta usually exceed EPA
drinking water criteria in many of the wells. In some
years, the levels (except for tritium) exceed the DOE
drinking water system DCGs, but the levels do not
exceed the DOE DCGs for public dose for ingestion
of environmental water. Tritium in MCO-3 and
strontium-90 in MCO-3, MCO-5, and MCO-6
exceeded the EPA MCL. EPA has no drinking water
criteria for plutonium-238, plutonium-239, -240, or
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Canyon alluvial groundwater in samples taken in
2000. For MCO-5, MCO-6, and MCO-7, the detec-
tions of plutonium-238, plutonium-239, -240, and
americium-241 were not always consistent among the
samples for a well. For example, in MCO-5 and
MCO-7, plutonium-238 was only found in the filtered
sample and plutonium-239, -240 only in the unfiltered
sample. In MCO-6, plutonium-238 was found in the
unfiltered sample but only one of two filtered samples,
whereas plutonium-239, -240 was found only in the
unfiltered sample.

c. Radiochemical Constituents in Intermedi-
ate-Depth Perched Groundwaterin the 1950s,
based on measurements of water levels and major
inorganic ions, the USGS established that contami-
nated surface water and perched alluvial groundwater
in Pueblo Canyon recharge the intermediate-depth
perched zone water that underlies the canyon floor
(Weir et al., 1963; Abrahams 1966). Taken over time,
the radionuclide activity measurements in samples
from Test Well (TW) 1A, TW-2A, and Basalt Spring
in Pueblo and Los Alamos Canyons confirm this
connection. TW-2A, furthest upstream and closest to
the historical discharge area in Acid Canyon, has
shown the highest levels. In 2000, we sampled only
Basalt Spring and POI-4 (an intermediate-depth well
located near TW-1A). Strontium-90 was detected in
the Basalt Spring sample. The sample from the Water
Canyon Gallery, which lies southwest of the Labora-
tory, was consistent with previous results, showing no
evidence of radionuclides from Los Alamos opera-
tions.

4. Nonradiochemical Analytical Results

Table 5-31lists the results of general chemical
analyses of groundwater samples for 2000, and results
of trace metal analyses appeaifable 5-32

a. Nonradiochemical Constituents in the
Regional Aquifer. With the exceptions discussed
here, values for all parameters measured for environ-
mental surveillance sampling in the water supply
wells are within drinking water limits. Separate
samples were collected from the public water supply
system to determine regulatory compliance with the
Safe Drinking Water Act, and these samples were all
in compliance for 2000 (se&ection 2.B.).

Environmental Surveillance at Los Alamos during 2000
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The test wells in the regional aquifer showed levels
of several constituents that approach or exceed
standards for drinking water distribution systems.
However, it should be noted that the test wells are for

In the last few years, iron, manganese, cadmium,
nickel, antimony, and zinc have been high in several
of the regional aquifer test wells. Levels of trace
metals that approach water quality standards in some

monitoring purposes only and are not part of the water of the test wells are believed to be associated with

supply system. TW-1 had a nitrate value of 5.3 mg/L
(nitrate as nitrogen), again below the EPA primary
drinking water standard of 10 mg/L. This test well has

turbidity of samples and with the more than 40-year-
old steel casings and pump columns. The lead levels
appear to result from flaking of piping installed in the

shown nitrate levels in the range of about 5 to 20 mg/L test wells and do not represent lead in solution in the
(nitrate as nitrogen) since the early 1980s. The source water (ESP 1996). In 2000, iron approached or

of the nitrate might be infiltration from sewage
treatment effluent released into Pueblo Canyon or
residual nitrates from the now decommissioned TA-45
radioactive liquid waste treatment plant that dis-
charged effluents into upper Pueblo Canyon until
1964. Nitrogen isotope analyses the ER Project made
during 1998 indicate that the nitrate is from a sewage
source (Nylander et al., 1999).

The average fluoride values since 1951 for TW-4
and since 1960 for TW-8 are about 0.2 mg/L. TW-4
and TW-8 both showed fluoride at 0.88 mg/L, or 55%
of the New Mexico groundwater limit. Only a few
values near this level were seen in each well during
the 1960 to 1964 period, which suggests an analytical
laboratory error during that time. The 2000 samples
from these wells may also have suffered from a
laboratory or sampling error; they were collected on
the same date.

Over the past few years, sporadic detections of
selenium have apparently occurred in groundwater
and surface water samples. The values are near the

exceeded the EPA secondary drinking water standard
in Test Wells 1, 2, 3, and 4 and exceeded the New
Mexico groundwater limit in Test Wells 2 and 4.
Manganese approached or exceeded the EPA second-
ary drinking water standard in Test Wells 1, 2, and 4
and exceeded the New Mexico groundwater limit in
Test Well 2. Test Wells 1, 2, and 4 had lead concentra-
tions above the EPA action level, and Test Wells 1, 2,
3, and 4 had antimony concentrations just below the
EPA MCL.

Samples collected for metals analysis from most of
the White Rock Canyon springs were filtered in 2000.
Many of the springs have very low flow rates, and we
collected samples in small pools in contact with the
surrounding soils. Spring 10 had a manganese
concentration exceeding the New Mexico groundwa-
ter limit. Except for selenium, none of the springs
showed trace metals at levels of concern in 2000.

Perchlorate is a honradioactive chemical compound
containing a chlorine atom bound to four oxygen
atoms and is used in a variety of industrial processes.

detection limit and do not occur consistently at a given At the Laboratory, perchlorate is a byproduct of the

station. We suspect these results reflect the uncertain-

perchloric acid used in nuclear chemistry research.

ties of chemical analysis near the detection limit rather Industrial perchlorate uses also include solid fuels for

than the presence of selenium. Six groundwater

rockets, high explosives, and fireworks; air-bag

samples and several surface water samples showed arinflators; and electroplating, leather tanning, and

apparent detection of selenium in 1998. Typically, we
have not detected selenium in groundwater on the
Pajarito Plateau. Selenium was found in Los Alamos
Canyon alluvial groundwater and in each of the three
DT series test wells at TA-49. We detected no sele-
nium at these sites in 1999, suggesting that the
previous year’s values, which were close to the
detection limit, did not ind